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(54) Title: RNA INTERFERENCE MEDIATING SMALL RNA MOLECULES 

(57) Abstract: Double-stranded RNA (dsRNA) induces sequence-specific post-transcriptional gene silencing in many organisms 
by a process known as RNA interference (RNAi). Using a Drosophila in vitro system, we demonstrate that 19-23 nt short RNA 
fragments are the sequence- specific mediators of RNAI. The short interfering RNAs (siRNAs) are generated by an RNase Ill-like 
processing reaction from long dsRNA. Chemically synthesized siRNA duplexes with overhanging 3' ends mediate efficient target 
RNA cleavage in the lysate, and the cleavage site is located near the center of the region spanned by the guiding siRNA. Furthermore, 
we provide evidence that the direction of dsRNA processing determines whether sense or antisense target RNA can be cleaved by 
the produced siRNP complex. 
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RNA INTERFERENCE MEDIATING SMALL RNA MOLECULES 

RELATED APPLICATIONS 

This application claims priority to U.S. provisional application number 60/382,983 
5 filed on May 24, 2002, the contents of which are mcoxporated herein by reference. 

BACKGROUND 

The term "RNA iaterferenee" (RNAi) was coined after the discovery that injection of 
dsRNA into the nematode C elegans leads to specific silencing of genes highly homologous 

-10 in sequence to the delivered dsRNA (Fire et aL, 1998). RNAi was subsequently also 

observed in insects^ frogs (Oelgeschlager et aL^ 2000)^ and other animals including mice 
(Svoboda et aL, 2000; Wiam[iy and Zemicka-Goetz., 2000) and is likely to also exist in 
humans. RNAi is closely linked to the post-transcriptional geue-sil^cing (PTGS) 
mechanism of co-suppression in plants and quelling in fimgi (Catalanotto et al., 2000; 

15 Cogoni and Macino, 1999; Dahnay et aL, 2000; Ketting and Plasterk, 2000; Mourrain et aL, 
2000; Smardon et aL, 2000) and some components of the RNAi machinery are also necessary 
for post-transcriptional silencing by co-suppression (Catalanotto et al.^ 2000; Demburg et aL, 
2000; Ketting and Plasterk^ 2000).. The topic has also been reviewed recently (Bass, 2000; 
Bosher and Labouesse, 2000; Fire, 1999; Plasterk and Ketting, 2000; Shaip, 1999; Sijen and 

20 Kooter, 2000; Plant Molecular Biology, vol. 43, issue 2/3, 2000). 

In plants, in addition to PTGS, introduced transgenes can also lead to transcriptional 
gene silencing via RNA-directed DNA methylati on of cytosines (see references in 
Wassenegger, 2000). Genomic targets as short bs 30 bp are methylated in plants m an RNA- 
directed manner (Pelissier, 2000). DNA methylation is also present in mammals. 

25 The natural fimction of RNAi and co-suppression appears to be protection of the 

genome against invasion by mobile genetic elements such as retrotransposons and vimses 
which produce aberrant RNA or dsRNA in the host cell when they become active (Jensen et 
al, 1999; Ketting et aL, 1999; Ratclifif al, 1999; Tabara et al, 1999). Specific mRNA 
degradation prevents transposon and virus replication although some viruses are able to 

30 overcome or prevent this process by expressing proteins that suppress PTGS (Lucy el ah^ 
2000; Voionet et aL, 2000). 

1 
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DsRNA triggers the specijSc degradation of homologous RNAs only wiflbia the region 
of identity wifli tbie dsRNA (Zamore et aL, 2000). The dsRNA is processed to 21-23 nt RNA 
fiagments and the target RNA cleavage sites are regularly spaced 21-23 nt apart. It has 
tlierefore been suggested that the 21-23 nt fragments are the guide ENAs for target 
recogmtion (Zamore et al, 2000)/These short RNAs were also detected in extracts prepared 
from D. melanogaster Schneider 2 cells which were transfected with dsRNA prior to cell 
lysis (Hammond et aL, 2000):, however, the fractions that displayed sequence specific 
nuclease activity also contained a large fraction of residual dsRNA. The role of the 2 1-23 nt 
fragments in guiding mRNA cleaviage is further supported by the observation that 21-23 nt 
fragments isolated from processed. dsRNA are able, to some extent, to mediate specific 
mRNA degradation (Zamore et al^ 2000). RNA molecules of similar site also accumulate in 
plant tissue that exhibits PTGS (Hamilton and Baulcombe, 1999). 

Here, we use the established Drosophila in vitro system (Tuschl et al^ 1999; Zamore 
et ah, 2000) to further explore the mechanism of RNAi. We d^ionstrate that short 21 and 
22 nt RNAs, when base-paired with 3' overhanging ends, act as the guide RNAs for sequence 
specific mRNA degradation. Short 30 bp dsRNAs are unable to mediate RNAi in this system 
because fl^ey are no longer processed to 21 and 22 nt RNAs. Furtheraiore, we defined the 
target RNA cleavage sites relative to the 21 and 22 nt short interfering RNAs (siRNAs) and 
provide evidence that the dfrection of dsRNA processing deteunines whether a sense or an 
antlsense target RNA can be cleaved by the produced siRNP endonuclease complex- 
Further^ the siRNAs may also be important tools for transcriptional modulating, e.g.^ 
silencing of raanmialian genes by guiding DNA methylation. 

Further experiments in human in vivo cell culture systems (HeLa cells) showed that 
double stranded RNA molecules having a Iragfh of preferably from 19-25 nucleotides have 
RNAi activity. Thus, in contrast to the results from Drosophila also 24 and 25 nt long double 
stranded RNA molecules are efficient for RNAi. 

SUMMARY 

The present invention provides methods of mediating target-specific RNA 
interference. The compositions and methods described herein have improved efficacy and 
safety compared to prior art compositions aud methods. 



wo 03/099298 



PCT/EP03/05513 



The invention further relates to the use of isolated double stranded RNA raoleculeSj, 
wherein each RNA sixand has a length from 19-25 nucleotides, for mediating target specific 
nucleic acid modifications, particularly RNA interference (RNAi), in mammalian cells, 
particularly in human cells. Preferably^ each strand of the RNA molecule has a length from 
20-22 nucleotides (or 20-25 nucleotides in mammalian cells), wherein the length of each 
strand may be the same or different Preferably, the length of the 3 -overhang reaches from 
1-3 nucleotides, wherein the length of the overhang may be the same or different for each 
strand. The RNA-strands preferably have 3 -hydroxyl groups. The 5'-temiinus preferably 
includes a phosphate, diphosphate, triphosphate or hydroxy! group. The most effective 
dsRNAs are composed of two 21 nt strands which are paired such that 1-3 nt (particularly 
2 nt) 3' overhangs are present on both ends of the dsRNA, 

One aspect of the invention relates to a method of mediating target-specific nucleic 
acid modifications, particularly RNA interference and/or DNA methylation, ni a cell or an 
organism. The method can include the following steps: 

(a) contacting the cell or organism with the double stranded RNA molecule of the 
invention under conditions wherein target-specific nucleic acid modifications may occur and 

(b) mediating a target-specific nucleic acid modification effected by the double 
stranded KNA towards a target nucleic acid having a sequence portion substantially 
corresponding to the double stranded RNA. 

The target gene to which the RNA molecule of tlie invention is directed may be 
associated with a pathological condition. For example, the gene may be a pathogen- 
associated gene (e.g., a viral gene)^ a tumor-associated gene, or an autoinnmime disease- 
associated gene. The target gene may also be a heterologous gene expressed in a 
recombinant cell or a genetically altered organism. By modulating, and particularly 
inhibiting, the function of such a geue, valuable infoimation and therapeutic benefits in the 
agricultural and medical fields can be obtained. 

In one aspect, the invention features a method of treating a subject at risk for or 
afHicted with unwanted cell proUferation, e-g.s malignant or no^imalignant cell proliferation. 
The method includes: 
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providing an siRNTA, e.g,y an stRNA having a structure described herein, where the 
siRNA is homologous to and can silence, e,g,, by cleavage, a gene ihat promotes uawanted 
cell proliferation; and 

adxministering the siRNA to a subject, preferably a human subject,, tiiereby treating the 

subject 

In a preferred embodiment, the gene is a growth factor or growth factor receptor gene, 
a kinase^ e.g,^ a protein tyrosine, serine or threonine kinase gene, an adaptor protein gene, a 
gene encoding a G protein superfamily molecule;, or a gene encoding a transci-iption factor. 

hi a preferred embodiment, the siRNA silences the PDGF beta gene, and thus can be 
used to treat a subject having or at risk for a disorder characterized by unwanted PDGF beta 
expression, e.g.y testicular and lung cancers. 

In another preferred embodiment the siRNA silences the Erb-B gene, and thus can be 
used to treat a subject having or at risk for a disorder characterized by unwanted Erb-B 
expression, e.g.^ breast cancer. 

In a preferred embodiment, the siRNA silences the, Src gene^ and thus can be used to 
treat a subject having or at risk for a disorder characterized by unwanted Src expression, e,g.^ 
colon cancers. 

In a prefearred embodiment, the siRNA silences the CRK. gene» and thus can be used 
to treat a subject having or at risk for a disorder characterised by unwanted CRK ejcpressiori, 
e.g., colon and lung cancers. 

In a preferred embodiment, the siRNA silences the GRB2 gene, and thus can be used 
to treat a subject having or at risk for a disorder characterized by unwanted GRB2 
expression, e.g.^ squamious cell carcinoma. 

In another prefexred embodiment the stEiNA silences the RAS gene, and thus can be 
used to treat a subject having or at risk for a disorder characterized by unwanted RAS 
expression; e,g.^ pancreatic, colon and lung cancars^ and chronic leukemia. 

In another preferred embodiment the stEtNTA silences the MEKK gene, and thus can. 
be used to treat a subject having or at risk for a disorder characterized by imwanted MEKK 
expression^ e.g,y squamous cell carcinoma^ melanoma or leukemia. 
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la another preferred embodiment the siRNA silences tibe JNK gene, and thus can be 
used to treat a subject having or at risk for a disorder characterized by unwanted JNK 
expression^ e.^-, pancreatic or breast cancers. 

In a preferred embodiment^, the siRNA silences the RAF gene, and thus can be used to 
5 treat a subject having or at risk for a disorder characterized by unwanted RAF expression, 
e.g,, lung cancer or leiikemia. 

In a preferred embodiment, the siRNA silences the EtkUl gene, and thus can be used 
to treat a subject having or at risk for a disorder characterized by unwanted Erkl/2 expression^ 
e.g.p lung cancer- 

10 In another preferred embodiment the siRNA silences the PCNA(p2l)genej and thus 

can be used to treat a subject having or at risk for a disorder characterized by unwanted 
PCNA expression, e,g,:, lung cancer. 

hi a preferred embodiment, the siRNA silences the MYB gene, and thus can be used 
to treat a subject having or at risk for a disorder characterized by unwanted MYB expression, 
1 5 e.g,, colon cancer or chronic myelogenous leukemia. 

In a preferred embodiment^ the siRNA silences the c-MYC gene, and thus can be 
used to treat a subject having or at risk for a disorder characterized by unwanted c-MYC 
expression, e,g.^ BtirkStt 's lymphoma or neuroblastoma. 

hi another preferred embodiment the siRNA silences the JUN gene^ and thus can be 
20 used to treat a subject having or at risk for a disorder characterized by unwanted JUN 
expression, e.g.^ ovarian, prostate or breast cancers. 

In another preferred embodiment the siRNA siltsnces the FOS gene, and thus can be 
used to treat a subject having or at risk for a disorder characterized, by unwanted FOS 
expression, e.g.^ skin or prostate cancers. 
25 In a preferred embodiment, the siRNA silences the BCL-2 gene, and thus can be used 

to treat a subject having or at risk for a disorder characterised by unwanted BCL-2 
expression, e.g., lung or prostate cancers or Non-Hodgkin lymphoma. 

in a preferred embodiment, the siRNA silences the Cyclin D gene, and thus can be 
used to treat a subject having or at risk for a disorder characterized by unwanted Cyclin D 
30 expression, e.g,, esophageal and colon cancers* 



5 
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In a preferred embodiment, the siRNA silences the VEGF gene, and thus can be used 
to treat a subject having or at risk for a disorder characterized by unwanted VEGF 
exipression^ e.g.^ esophageal and colon cancers- 

In a preferred embodiment, the siKNTA silences the EGFR gene, and thus can be used 
5 to treat a subject having or at risk for a disorder characterized by unwanted EGFR 
expression^ e,g.^ breast cancer. 

In another preferred embodiment the siRNA siloQces the Cyclin A gene, and thus can 
be used to treat a subject having or at risk for a disorder characterized by unwanted Cyclin A 
expression, e.g,, lung and cendcalcancers, 
10 In another preferred embodiment the siRNA silences the Cyclin E gene, and thus can 

be used to treat a subject having or at risk for a disorder characterized by unwanted Cyclin E 
expression, e,g,^ Ixmg and breast cancers. 

In another preferred embodiment the siRNA silences the WNT-l gene, and thus can 
be used to treat a subject having or at risk for a disorder characterized by unwanted WNT-I 
15 expression, e,g., basal cell carcinoma. 

In another preferred embodiment the siRNA silences the beta-catenin gene, and thus 
can be used to treat a subject having or at risk for a disorder characterized by unwanted beta- 
catenin expression, e^g., adenocarcinoma or hepatocellular carcinoma. 

In another preferred mibodiment the siRNA silences the c-MET gene, and thus can 
20 be used to treat a subject having or at risk for a disorder characterized by unwanted c-MET 
expression, e.g.^ hepatocellular carcinoma, 

hi anotlier preferred embodiment the siRNA silences the PKC gene, and thus can be 
used to treat a subject having or at risk for a disorder characterized by unwanted PKC 
expression, e^g.^ breast cancer. 
25 In a prefeired embodiment; the siRNA silences the NFKB gene, and thus can be used 

to ti'eat a subject having or at risk for a disorder characterized by unwanted NFKB 
expression, ag-,, breast cancer. 

In a preferred embodiment, the siRNA silences the STAT3 gme, and thus can be used 
to treat a subject having or at risk for a disorder characterized by unwanted STAT3 
30 expression, e.g,^ prostate cancer. 



6 
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In anotlier preferred embodiment the siKNA silences the survivin gene> and thus can 
be used to treat a subject having or at risk for a disordesr characterized by unwanted survivin 
expression, e.g.^ cervical or pancreatic canoers- 

In another preferred embodiment the siRNA silences the Her2/Neu gene, and tims can 
5 be used to treat a subject having or at risk for a disorder characterized by unwanted Her2/Neu 
expression, e.g,, breast cancer. 

In another preferred embodiment the siRNA silences the topoisomerase 1 gene, and 
thus can be used to treat a subject having or at risk for a disorder characterized by unwanted 
topoisomerase I expression^ e.g,^ ovarian and colon cancers. 
10 In a preferred embodiment, the siRNA silences the topoisomerase II alpha gene^, and 

thus can be used to treat a subject having or at risk for a disorder characterised by unwanted 
topoisomerase II expression, e^g-., breast and colon cancers. 

In a preferred embodiment, the siRNA silences mutations in the p73 gene^ and thus 
can be used to treat a subject having or at risk for a disorder characterized by unwanted p73 
15 expression^ e.g,, colorectal adenoqarcinoma. 

In a preferred embodiment', the siRNA silences mutations in the p21 (WAFI /CIPl) 
gene, and thus can be used to treat a subject having or at risk for a disorder characterized by 
unwanted p21(WAFl/CiPl) expression, e.g.^ liver cancer* 

In a preferred embodiment, the siRNA silences mutations in flie p27 (KJPI) gene^^ and 
20 thus can be used to treat a subject having or at risk for a disorder characterized by unwanted 
p27(KIPl) expression, eg*., liver cancer* 

In a preferred embodiment, the siRNA silences mutations in the PPMID gene, and 
thus can be used to treat a subject having or at risk for a disorder characterized by unwanted 
PPMID expression:, e-g., breast cancer. 
25 In a preferred embodiment, the siRNA silences mutations in the HAS gene, and thus 

can be used to treat a subject having or at risk for a disorder characterized by unwanted RAS 
expression, e.g^., breast cancer. 

In another preferred embodiment the siRNA silences mutations in the caveolin I gene^, 
and thus can be used to treat a subject having or at risk for a disorder characterized by 
30 unwanted caveolin 1 expression, e.g.^ esophageal squamous cell caircinoma. 



7 
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la aaother preferred embddiment the siRNA silences mutatio^is in the MIBI gene and 
thos can be used ta treat a subject having or at risk for a disorder characteaized by imwanted 
MEBI expression, e.g,^ male breast carcinoma (MBC). 

In another preferred embodiroent the siRNA silences mutations in the MT AI gene» 
and thus can be used to treat a subject having or at risk for a disorder charactedzed by 
unwanted MTAI expression, e.g.^ ovarian carcinoma. 

la another preferred embodiment the siRNA silences mutations in the M68 gene, and 
thus caa be used to treat a subject having or at risk for a disorder characterised by unwanted 
M68 expression, e.^-, human adenocarcinomas of the esophagus, stomach, colon, and 
rectum. 

In preferred embodiments the siRNA silences mutations in tumor suppressor genes, 
and thus can be used as a method to promote apoptotic activity in combination with 
chemotherapeutics. 

In a preferred embodiment, the siRNA silences mutations in the p53 tumor suppressor 
genej, and thus can be used to treat a subject having or at risk for a disorder characterised by 
unwanted p53 expression, e,g,, gail bladder^ pancreatic and lung cancers. 

In a preferred embodiment, the siRNA silences mutations in the p53 family member 
delta N"p63^ and thus can be used to treat a subject having or at risk for a disorder 
characterized by unwanted delta N-p63 expression, e.g.^ squamous cell carcinoma. 

In a preferred embodiment, the siRNA silences mutations in the pRb tumor 
suppressor gene, and thus can be used to treat a subject having or at risk for a disorder 
characterized by unwanted pRb expression, e.g,^ oral squamous cell carcinoma. 

Ill a preferred embodiment, the siRNA silences mutations in the APCI tumor 
suppressor gene, and thus can be used to treat a subject having or at risk for a disorder 
characterized by unwanted APCI expression, e,g.f colon cancer. 

In a preferred embodiment, the siRNA silences mutations in the BRCAl tumor 
suppressor gene, and thus can be used to treat a subject having or at risk for a disorder 
characterized by unwanted BRCAl expression^ breast cancer- 

Ixk a preferred embodiment, the siRNA silences mutations in the PTEN tumor 
suppressor genej, and thus can be used to treat a subject having or at risk for a disorder 
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characterized by unwanted PTEN' expression; e,g.^ hamartomas^ gliomas, and prostate and 
endometrial cancers. 

In a preferred embodiment, the siRNA silences MLL fusion genes, MLL2 e,g., AF9, 
and tlws can be used to treat a subject having or at risk for a disorder characterized by 
5 unwanted MLL fusion gene expr^sion, e.g.^ acute leukemias. 

In another preferred embodiment the sjKNA silences the BCR/ABL fusion gene, and 
thus can be used to treat a subject having or at risk for a disorder characterized by unwanted 
BCR/ABL fusion gejie expression, e.g., acute and chronic leukemias. 

In another preferred embodiment the siRNA silences the TEL/AMLl fusion gene, 
10 and thus can be used to treat a subject having ox at risk for a disorder characterized by 
unwanted TEL/AMLl fusion gene- expression, e.g., childhood acute leukemia. 

In another preferred embodiment the siRNA silences the EWS/FLIl fusion gene^ and 
thus can be used to treat a subject having or at risk for a disorder characterized by unwanted 
BWS/FLIl fusion gene expression, e.g., Ewing Sarcoma. 
1 5 In another preferred embodhnent the siRNA silences the TLS/FUSl fusion gene, and 

thus can be used to treat a subject having or at risk for a disorder characterized by unwanted 
TLS/FUSl fusion gene expression^ e-g--. Myxoid liposarcoma. 

In another preferred embodiment the siKNA silences the PAX3/FKHR fusion gene, 
and thus can be used to treat a subject having or at risk for a disorder characterized by 
20 unwanted PAX3/FKHR fusion geiie expression, e.g,. Myxoid liposarcoma. 

In another prefeixed embodiment the siRNA silences the AMLl/ETO fusion gene, 
and thus can be used to treat a subject having or at risk for a disorder characterized by 
unwanted AMLl/ETO fusion gene expression^ e.g., acute leukemia. 

In another aspect, tiie invention features, a method of treating a subject, e.g.^ a human, 
25 at risk for or afflicted with a disease or disorder that may benefit by angiogenesis inhibition 
e.g,^ cancer. The method includes: 

providing an siRNA^ e.g., an siRNA having a structure described herein^ which 
siRNA is homologoxis to and can silence^ e.g,, by cleavage, a gene, which mediates 
angiogenesis; and 

30 administering the siRNA to a subject, thereby treating the subject. 



9 
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la a preferred embodiment^ the siRNA silences the alpha v-integrin gene, and thus 
can be nsed to treat a subject having or at risk for a disorder characterized by unwanted alpha 
v-integrin, e.^,, brain tumors or tumors of epithelial origin. 

In a preferred embodiment, the siRNA silences the Flt-1 receptor gene, and thus can 
be used to treat a subject having or at risk for a disorder characterized by unwanted Flt-l 
receptors, e.g., cancer and rheumatoid arthritis. 

In a preferred embodiment, the siRNA silences the tubulin gene, and Hxjxs can be used 
to treat a subject having or at risk for a disorder characterised by unwanted tubulin, e.g., 
cancer and retinal neovasculari2ation^ 

hi a preferred embodiment, the siRNA silences the tubulin gene, and thus can be used 
to treat a subject having or at risk for a disorder characterized by unwanted tubulin, e.g., 
cancer and retinal neovascularizatibn. 

In anothOT aspect, the invention features a method of treating a subject infected with a 
virus or at risk for or afflicted with a disorder or disease associated with a viral infection. 
The method includes: 

providiug-an siRNA, e.g,, and siRNA having a structure described herein, which 
SiRNA is homologous to and can silence, e.g., by cleavage, a viral gene or a cellular gene 
which mediates viral function, e.g.^ entry or growth; and 

administering the siRNA to a subject, preferably a human subject, tiiereby treating the 
subject. 

Thus, the invention provides for a method of treating patients infected by the Human 
Papilloma Virus (HPV) or at risk for or afflicted with a disorder mediated by HPV, e.g., 
cervical cancer. HPV is Unked to 95% of cervical carcinomas and thus an antiviral therapy is 
an attractive method to treat these cancers and other symptoms of viral infection. 

In a preferred embodiment; the expression of a HPV gene is reduced. In another 
preferred embodiment, the HPV gene is one of the group of E2, B6, or E7- 

In a preferred embodiment, the expression of a human g^e that is required for HPV 
replication is reduced. 

The invention also includes a method of treating patients infected by the Human 
Immunodeficiency Virus (HTV) or at risk for or afflicted with a disorder mediated by HIV, 
e,g,. Acquired Iminune Deficiency Syndrome (AIDS). 

10 
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In a preferred erabodime^tj, the expression of a HIV gene is reduced. In another 
prefenred embodiment, the HIV gene is CCR5, Gag, or Rev. 

In a preferred embodiment, l3ie expression of a human gene that is required for HIV 
repKcation is reduced. In another preferred embodiment, the gene is CD4 or TsglOl. 

The invention also includes a method for treating patients infected by the Hepatitis B 
Virus (HBV) or at risk for or afflicted with a disorder mediated by HBV, e.g,, cirrhosis and 
heptocellular carcinoma. 

In a preferred embodiments the expression of a HBV gene is reduced. In another 
preferred embodiment, the targeted HBV gene encodes one of the group of the tail region of 
the HBV core protein^ the pre-cregious (pre-c) region;, or tlie cregious (c) region, hi another 
preferred embodiment, a targeted HBV-RNA sequence is comprised of the poly(A)taiL 

In a preferred embodiment, the expression of a human gene that is required for HBV 
replication is reduced. 

The invention also provides for ametliod of treating patients infected by the Hepatitis 
A Virus (HAV), or at risk for or aflBlicted with a disorder mediated by HAV. 

In a preferred embodiment, the expression of a human gene that is required for HAV 
replication is reduced. 

The present invention provides for a method of treating patients infected by the 
Hepatitis C Virus (HCV), or at risk for or aBIicted with a disorder mediated by HCV, e.g,, 
cirrhosis. 

In a preferred embodiment^ the expression of a HCV gene is reduced. 

In another preferred embodiment the expression of a human gene required for HCV 
replication is reduced. 

The present invention also provides for a method of treating patients infected by any 
of the group of Hepatitis viral strains comprising Hepatitis E, F, G, or H, or patients at risk 
for or afflicted with a disorder mediated by any of these strains of Hepatitis, 

In a preferred embodiment, the expression of a Hepatitis D, or H gene is 

reduced. 

In another preferred embodiment the expression of a human gene that is required for 
Hepatitis D, G or H repUcation is reduced. 



11 



wo 03/099298 



PCT/EP03/05513 



Methods of the invention also provide for treating patients infected by the Respiratory 

Syncytial Virus (RS V) or at risk Sfor or afflicted with a disorder mediated by RSV, e,g,^ lower 

respiratory tract infection in infants and childhood asthma, pneumonia and other 

complications, e.g,^ in the elderly. 

In a preferred embodiment, the expression of a RSV gene is reduced. Iq another 

preferred embodiment^ the targeted RSV gene encodes one of the group of genes or P- 
In a preferred embodiment, the ejqjression of a human gene that is required for RSV 

replication is reduced- 
Methods of the invention provide for treating patients infected by the Herpes Simplex 

Virus (HSV) or at risk for or afflicted with a disorder mediated by HSVj, e.g., genital herpes 

and cold sores as well as life-threatening or sight-impairing diseases mainly in 

immunocompromised patients. 

In a preferred embodiment^ the expression of a HSV gene is reduced. In another 

preferred embodiment, the targeted HSV gene encodes DNA polymCTase or the helicase- 

primase. 

In a preferred embodiment, the expression of a human gene that is required for HSV 
replication is reduced. 

The invention also provides a method for treating patients infected by the herpes 
Cytomegaloviras (CMV) or at risk for or afflicted with a disorder mediated by CMV^ e,g,, 
congenital virus infections and morbidity in immunocompromised patients. 

In a preferred embodiment, the expression of a CMV gene is reduced. 

In a preferred embodiment; the expression of a human gene that is required for CMV 
rephcation is reduced. 

Methods of the invention also provide for a method of treating patients uifected by 
the herpes Epstein Bair Virus (EB V) or at risk for or afflicted with a disorder mediated by 
EBV, e,g.^ NEC/T-cell lymphoma, non-Hodgkin's lymphoma, and Hodgkin's disease. 

In a preferred embodiment, the expression of a EBV gene is reduced. 

in a preferred embodiment, the expression of a human gene required for EBV 
replication is reduced. 

Methods of tiiie invention also provide for treating patients infected by Kaposi 's 
Sarcoma-associated Herpes Virus (KSHV)^ also called human herpesvirus 8, or patients at 
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risk for or afflicted with a disordermedjaled by KSHV, e.g., Kaposi 's sarcsoma, multicentric 
Castleman 's disease and AIDS-associated primary effusion lymphoma. 

In a preferred embodiment, the expression of a KSHV gene is reduced. 

In a preferred embodiment, the expression of a human gene that is required for KSHV 

replication is reduced. 

The invention also includes a method for treating patients infected by the JC Virus 
(JCV) or a disease or disorder associated with this virus, e.g,, progressive multifocal 
leukoencephalopathy (PML). 

In a preferred embodiment, the expression of a JCV gene is reduced. 

In preferred embodiment the expression of a human gene Ibat is required for JCV 

r^lication is reduced. 

Methods of the invention also provide for treating patients infected by ttxe myxovirus 
or at risk for or afflicted with a disorder mediated by myxovirus; e.g., influenza. 

In a preferred embodiment; the expression of a myxovirus gene is reduced. 

In a preferred embodiment, the expression of a human gene that is required for 
myxovirus replication is raiuced. 

Methods of the invention also provide for treating patients infected by the rhinovirus 
or at risk for or afflicted with a disorder mediated by rhinovirus, the common cold. 

In a preferred embodiment, the expression of a rhinovirLis gene is reduced. 

In preferred embodiment tlie expression of a human gene that is required for 

rhinovirus replication is reduced. 

Methods of the invention also provide for treating patients infected by the coronavirus 
or at risk for or afflicted with a disorder mediated by coiauavirus, e.g.> the common cold. 

In a preferred embodiment, the expression of a coronavirus gene is reduced. 

In preferred eanbodiment tl^e expression of a human gene that is required for 
coronavirus replication is reduced. 

Methods of the invention also provide for treating patients infected by the flavivirus 
West Nile or at risk for or afflicted with a disorder mediated by West Nile Virus. 

In a preferred embodiment, the expression of a West Nile Virus gene is reduced. 

In another preferred embodiment, the West Nile Virus gene is one of the group 
comprising E, NS3, or NS5. 

13 
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la a preferred embodiment, the expression of a human gene that is required for West 
Nile Viras replication is reduced. 

Methods of the invention also provide for treating patients infected by the St Louis 
Encephalitis flavivirus, or at risk fox or afflicted with a disease or disorder associated with 
this virus, e.g.y viral haemorrhagic fever or neurological disease. 

In a preferred embodiment, die expression of a St. Louis Encephalitis gene is reduced. 

In a preferred embodiment, the expression of a human gene that is required for St. 
Louis Encephalitis virus replication is reduced. 

Methods of the invention also provide for treating patients infected by tlie Tick-borae 
encephalitis flavivirus, or at risk for or afflicted with a disorder mediated by Tick-bome 
encephalitis vims, e.g,^ viral haemorrhagic fever and neurological disease. 

In a preferred embodiment, the expression of a Tick-bome eacephahtis vims gene is 
reduced. 

In a preferred embodiment, the expression of a human gene that is required for Tick- 
bome encephalitis virus replication is reduced. 

Methods of the invention also provide for methods of treating patients infected by the 
Mmray Valley encephalitis flavivirus, which commonly results in viral haemorrhagic fever 
and neurological disease. 

In a preferred exnbodiment, the expression of a Murray Valley encephalitis virus gene 
is reduced- 

In a preferred embodiment^ ttie expression of a human gene that is required for 
Muiray Valley encephalitis virus replication is reduced. 

The invention also includes methods for treatiag patients infected by the dengue 
flavivirus, or a disease or disorder associated with this virus, e.g,, dengue haemorrhagic 
fever. 

la a preferred embodiment; the expression of a dengue virus gene is reduced. 

In a preferred embodiment, the expression of a human gene that is required for 
dengue virus replication is reduced. 

Methods of the invention also provide for treating patients infected by the Simian 
Vims 40 (SV40) or at risk for or aillicted with a disorder mediated by S V40^ e.g.^ 
tumorigenesis. 
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In a preferred embodiment, the expression of a S V40 gene is reduced. 

In a preferred embodiment, the expression of a hnmau gene that is required for S V40 
replication is reduced. 

The invention also inchides methods for treating patients infected by the Human T 
Cell Lymphotropic Virus (HTLV)^ or a disease or disorder associated with this vims, e,g.^ 
leukemia and myelopathy. 

In a preferred embodiment, the expression of a HTLV gacie is reduced. In anotiher 
preferred embodiment the HTLV gene is the Tax transcaiptioual activator. 

In a preferred embodiment, the expression of a hxmiaa gene that is required for HTLV 
replication is reduced. 

Methods of the invention also provide for treating patients infected by the Moloney- 
Murine Leukemia Virus (Mo-MuLV) or at risk for or afflicted with a disordca: mediated by 
Mo-MuLV, &g., T-cellleukeniia. 

In a preferred embodiment, the expression of a Mo-MuLV gene is reduced. 

In a preferred embodiment, the expression of a human gene that is required for Mo- 
MuLV replication is reduced. 

Methods of the invention also provide for treating patients infected by the 
encephalomyocarditis vims (EMCV) or at risk for or afflicted with a disorder mediated by , 
EMCV, e,g., myocarditis. EMCV leads to myocarditis in mice and pigs and is capable of 
infecting human myocardial cells. Tliis virus is therefore a concern for patients undergoing 
xenotransplantation. 

In a preferred embodiment, the expression of a EMCV gene is reduced. 

In a preferred embodiment, the expression of a human gene that is required for 
EMCV replication is reduced. 

The invention also includes a method for treating patients infected by the measles 
virus (MV) or at risk for or afflicted with a disorder mediated by MV, ^.g., measles. 

In a preferred embodiment, the expression of a MV gene is reduced. 

In a preferred embodiment, the expression of a human gene that is required for MV 
replication is reduced. 
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The iBvention also includes a method for treating patients infected by the VericsUa 
zoster virus (VZV) or at risk for or afflicted with a disorder mediated by VZV, e.g., chicken 
pox or shingles (also called zoster). 

In a preferred embodixaentp the expression of a VZV gene is reduced, 
5 In a preferred embodimentj the expression of a hranan gene that is required for VZV 

replicatioriL is reduced* 

The invention also includes a method for treating patients infected by an adenovirus 
or at risk for or afflicted with a disorder mediated by an adenovirus, e.g,, respiratory tract 
infection. 

10 In a preferred embodiment, the expression of an adenovirus gene is reduced. 

In a preferred embodiment, the expression of a human gene that is required for 
adenovirus replication is reduced. 

The invention includes a method for treating patients infected by a yellow fever virus 
(YFV) or at risk for or afflicted with a disorder mediated by a YFV, e.g., respiratory tract 
15 infection. 

In a preferred embodiment, the expression of a YFV gene is reduced. In another 
preferred embodiment, the preferred gene is one of a group that includes the Ej, NS2A, or 
NS3 genes. 

In a preferred embodiment, titie expression of a human gene that is required for YFV 
20 replication is reduced. 

Methods of the invention also provide for treating patients infected by the poliovirus 
or at risk for or afflicted with a disorder mediated by poliovirus, e.g.^ polio. 

In a preferred embodiment^ the expression of a poliovirus gene is reduced. 

In a preferred embodiment, tlie expression of a human gene that is required for 
25 poliovirus replication is reduced. 

Methods of the invention also provide for treatiug patients infected by a poxvniis or 
at risk for or afflicted with a disorder mediated by a poxvirus, e.g,, smallpox. 

In a preferred embodiment,' the expression of a poxvirus gene is reduced. 

In a preferred embodiment, the expression of a human gene that is required for 
30 poxvirus replication is reduced. 
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In another aspect^ the invention features methods of treating a subject infected with a 
pathogen^ e.g.^ a bacterial, amoebic, parasitic, or fungal pathogen. The method includes: 

providing an siRNA, e.g,^ an siKNA having a stractuxe described hereinj, where 
siRNA is homologous to and can silencBj, e,g.^ by cleavage of a pathogen gene; and 

administering the siRNA to a subject^ preferably a human subject, thereby treatiiig the 
subject 

The target gene can be onfe involved in growfh;^ cell wall synthesis, protein synthesis, 
transcription, energy nietabolisni.(^.^., the Krebs cycle), or toxin production. Thus, the 
present invention provides for a method of treating patients infected by a Plasmodium that 
causes malaria. 

In a preferred embodiment, the expression of a plasmodixmi gene is reduced. In 
another preferred embodiment^ the gene is apical membrane antigen 1 (AMAl). 

In a preferred embodiment, the expression of a human gene that is required for 
Plasmodium replication is reduced. 

The invention also includes methods for treating patients infected by the 
Mycobacterium ulcerans, or a disease or disorder associated with this pathogen^ e,g., sl Buruli 
ulcer. 

In a preferred embodiment^ the expression of a Mycobacterium ulcerans gene is 
reduced. 

In a preferred embodiment, the expression of a human gene that is required for 
Mycobacterium ulcerans replicatipn is reduced- 

The invention also includes methods for treating patients infected by Mycobacterium 
tuberculosis, or a disease or disorder associated with this pathogen, e.g.^ tuberculosis. 

In a preferred embodiment, the expression of a Mycobacterium tuberculosis gene is 
reduced. 

In a preferred embodiment, the expression of a human gene that is required for 
MycobcU2terium tuberculosis replication is reduced. 

The invention also includes methods for treating patients infected by Mycobacterium 
leprae, or a disease or disorder associated with this pathogen, &.g., leprosy. 

In a preferred embodiment, the expression of a Mycobacterium leprae gene is 
reduced. 
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In a preferred embodiment, the e3q)ression of a human gene that is required for 
Mycobacterium leprae replication is reduced. 

The invention also includes methods for treating patients infected by the bacteria 
Staphylococcus aureus, or a disease or disorder associated with this pathogen, e.g., infections 
of the skin or mucous membranes* 

In a preferred embodiment, the expression of a Staphylococcus aureus gene is 

reduced. 

In a preferred embodiment, tlie expression of a human gene that is required for 
Staphylococcus aureus replication is reduced. 

The invention also includes methods for treating patients infected by the bacteria 
Streptococcus pneumoniae, or a disease or disorder associated with this pathogen, e.g., 
pneumonia or childhood lower respiratory tract infection. 

In a preferred embodiment, the expression of a Streptococcus pneumoniae gene is 
reduced. 

In a preferred embodiment, the expression of a human gene that is required for 
Streptococcus pneumoniae replication is reduced. 

The invention also includes methods for treating patients infected by Ihe bacteria 
Streptococcus pyogenes, or a disease or disorder associated with this pathogen, e,g.^ Strep 
throat or Scarlet fever. 

In a preferred embodiment, the expression of a Streptococcus pyogenes gene is 

reduced. 

In a preferred embodiment, the expression of a human gene that is required for 
Streptococcus pyogenes replication is reduced. 

The invention also includes methods for treating patients infected by the bacteria 
Chlamydia pneumoniae, or a disease or disorder associated with this pathogM, e.g,^ 
pneumonia or childhood lower respiratory tract infection. 

In a preferred embodiment, the expression of a Chlamydia pneumoniae gene is 
reduced. 

In a preferred embodiment, the expression of a human gene that is required for 
Chlamydia pneumoniae rephcation is reduced, 
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The invention also includes methods for treating patients infected by the bacteria 
Mycoplasma pneumoniae, or, a disease or disorder associated with this pathogen, e.g.^ 
pneumonia or childhood lower respiratory traot infection. 

In a preferred embodiinent the expression of a Mycoplasma pneumoniae gene is 
reduced- 

In a preferred embodiment; the expression of a human geaie that is required for 
Mycoplasma pneumoniae replication is reduced* 

In one aspect, the invention featores^, a method of treating a subject, e.g.y a human, at 
risk for or afflicted with a disease or disorder characterized by an unwanted immu^ie 
response^ e,g., an inflammatory disease or disorder, or an autoimrDone disease or disoxder. 
The method includes: 

providing an siRNA, e.g., an sflRNA having a stoicture described herein, wliich 
slRNA is homologous to and can silence, e,g.y by cleavage, a gene which mediates an 
unwanted immune response; and 

administering the siRNA to a subject thereby treating the subject. 

In a preferred embodiment, the disease or disorder is an ischemia or r^erfusion 
injury, e.g.y ischemia reperfusion or injury associated with acute myocardial infarction, 
unstable angina, cardiopulmonary bypass, surgical intearvention (^.g-., angioplasty, such as 
percutaneous translumtaal coronary angioplasty), a response to a transplanted organ or tissue 
(e.g., transplanted cardiac or vascular tissue), or thrombolysis. 

In a preferred embodiment, the disease or disorder is restenosis, e.g.^ restenosis 
associated with surgical intervention (e.g.^ angioplasty, such as percutaneous transluminal 
coronary angioplasty). 

In a preferred embodiment, the disease or disorder is inflammatory Bowel Disease, 
Crohn's Disease or Ulcerative Colitis. 

In a preferred embodiment, the disease or disorder is inflammation associated with an 
infection or injury. 

in a preferred embodiment, the disease or disorder is asthma, lupus, multiple 
sclerosis, diabetes, e-g-., type II diabetes, arflttitis, e.g,, rheumatoid or psoriatic- 

In particularly preferred embodiments, the siRNA silences an integrin or co-Hgand 
thereof, e,g., VLA4, VCAM, ICAM. 

• 19 



wo 03/099298 



PCT/EP03/05513 



Li particularly preferred embodiments^ Hie siRNA silences a selectin or co-ligand 
taiereofj e.g.^ P-selectiii, E-selectin:(ELAM), I-selectin, orP-selectm.glycoprotei«-(PSGLl), 

In particularly preferred embodiments, tiie siKNA silences a component of the 
complement system, e.g., C3, C5, C3aR, CSaR, C3 convertase, C5 convertase. 
5 In particalarly preferred ernbodiments, the siRN A silences a chcmokine ox receptor 

thereof e.g., TNFa. TNFjS, JLAa, IL-1 ft IL -2, IL-2R, lL-4, IL-4R, 11^5, 111^6, IL^S, TNFRI, 
TNEEOI, IgE, SCYAll, or CCR3. 

In less preferred embodiments the siRNA silences GCSF, Grol, Gto2, Gro3, PF4, 
MIG, Pro-Platelet Basic Protein (PPBP), MIP-lO, MlP-liS, RANTES, MCP-1, MCP-2, 
10 MCP-3, CMBKRl, CMBKR2, CMBKR3, CMBKR5, AIF-1, or 1-309. 

In one aspect, the invention features, a method of treating a subject, e.g,, a human, at 
risk for or afflicted with acute pain or chronic pain. The method includes: 

providing an siRNA, e.g., an siRNA having a structure described hereiiL, which 
siRNA is homologous to and can silence, e,g.^ by cleavage, a g^e which mediates the 
1 5 processing of pain; and 

administering the siRNA to a subject,, thereby treating the subject 

In particularly prefeixed embodiments, the siRNA silences a component of an ion 
channel. 

In particularly preferred embodiments, the siRNA silences a neurotransmitter receptor 
20 or ligand. 

In one aspect, the invention features a method of treating a subject^ e,g,^ a humane at 
risk for or afflicted with a neurological disease or disorder. The method includes: 

providing an siRNA, e,g,^ an siRNA having a stmcture described herein, which 
siRNA is homologous to and can silence, e.g., by cleavage, a gene which mediates a 
25 neurological disease or disorder; and 

admrnisteiing the siRNA to a subject, thereby treating the subject. 

In a preferred embodiment, the disease or disorder is Alxheimer^s Disease or 
Parkinson's Disease, 

In particularly preferred embodiments, the siRNA silences an amyloid-family gene, 
30 e.g., APP; a presenilin gene, e.g., PSENl and PSEN2, or oj-synuclein. 
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In a preferred embodiment, the disease or disorder is a neurodegenerative 
trinucleotide repeat disoider, eg., Huntington 's disease, dentatorubral pallidoluysian atrophy 
or a spinocesrebeUar ataxia, e.g., SCAl , SCA2, SCA3 (Miachado-Joseph disease), SCA7 or 
SCA8. 

In particularly preferred embodiments, the siKN A silences HD, DRPLA, SCAl , 
SCA2, MIDI, CACNLIA4, SCA7, or SCA8. 

The loss of heterozygosity (LOH) can result in hemizygpsity jfor sequence, e,g., 
genes, in the area of LOH. This can result in a significant genetic difference between normal 
and disease-state cells, e.g., cancer cells, and provides a useiiil difference between normal 
and disease-state cells, e.g., cancer cells. This difference can arise because a gene or other 
sequence is heterozygous in euploid cells but is hemizygous in cells having LOH. 

The regions of LOH will oiften include a gene, the loss of which promotes unwanted 
proliferation, e.g„ a tumor suppressor gene, and other sequences, such as other genes and, in 
some cases, a gene which is essential for normal function, e.g., growth. 

Meftkods of the invention rely, in part, on the specific cleavage or silencing of one 
allele of an essential gene with an "siRNA of the invention. The siKNA is selected such that it 
targets the single allele of the essential gene found m the cells having LOH but does not 
silence the other allele, which is present in cells which do not show LOH, In essence, it . 
discriminates betwe^ the two allies, preferentially silencing the selected allele. In essence, 
polymoiphisms, e.g., SNPs, of essential genes that are affected by LOH, are used targets for 
a disorder characterized by cells having LOH, e,g.y cancer cells having LOH. 

E.g,, one of ordinary skill in the art can identify essential genes which are in 
proximity to tumor suppressor genes, and which are within a LOH region which includes the 
tumor suppressor ^e. The gene encoding the large subunit of human RNA polymerase II, 
P0LR2A, a gene located in close proximity to Has tumor suppressor gene p53, is such a gene. 
It frequently occurs witiun a region of LOH m cancer cdls. Other genes that occur within 
LOH regions, and are lost in many cancer ceU types, include the group comprising 
lephcation protein A 70-kD subunit, replication protein A ribonucleotide reductase, 

thymidilate synthase, TATA associated factor 2H, ribosomal protein S14, eukaiyotic 
initiation factor 5 A, alanyl tEOSIA synthetase, cysteinyl tRNA synthetase, NaK ATPase, 
alpha- 1 subunit, and transferrin receptor. 
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Accordingly, the invention features a method of treating a disorder characterized by 
LOH, e.g., cancer. The method includes, optionally, detennining the genotype of the allele of 
a gene in the region of LOH and.preferably determining the genotype of both alleles of the 
gene in a normal cell; providing !an siTiNA which preferentially cleaves or silences the allele 
found in the LOH cells; and administering tixe siKNA to the subject, fliereby treating the 
disorder. 

The invention also includes an siENA disclosed herein, e.g., an siKNA which can 
preferentially silence, e.g., cleave, one allele of a polymorphic gene. 

In another aspect, the mvention provides a method of cleaving or silencing more than 
one gene with an siRNA. In these embodiments the siRKA is selected so that it has 
sufiacient homology to a sequence found in more than one gene. For example, the sequence 
AAGCTGGCCCTGGACATGQAGAT is conserved between mouse lamin Bl, lamin B2, 
keratin complex 2-gene 1 and lamin A/C. Thus an siRNA targeted to this sequence would 
effectively silence this entire collection of genes. 

The invention also includes an siKNA disclosed herein, e.g., an siKNA which can 
silence more than one gene. 

In another aspect, the invention includes vectors, e.g., expression vectors, which 
encode siKNAs, e.g.> siRNAs hoimologous with a gene disclosed herem. These include 
vectors wHch can express one or both strands of one or more siRNAs; a composition which 
includes a first vector which encodes a first strand of an siRNA and a second vector which 
encodes a second strand of an siRNA; a vector which encodes a haiipin siRNA, e.g., a 
haiipin which upon cleavage pidvides both strands of an siRNA. The vector can also 
encode, and preferably express, a protein, e.g., a protein active in siRNA metaboUsm or 
function, e.g.. Dicer or Ago 2. 

In a preferred embodimeht, the vector or delivery method, a virus, is selected 
such that Ibe siRNA integrates into a preselected site, e.g., a site which will result in 
modulated, e.g., inducible or controlled expression, e.g., by a pol IE promoter or by a pol H 
promoter containing temporal, developmental, disease-state, or tissue specific promoter 
elements. In other embodiment^, the expression of an siRNA strand is driven by a temporal, 
developmental, disease-state, or tissue specific promoter, e.g., a pol II promoter contaimng 
temporal, developmental, disease-state or tissue specific elements. 
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Unless oflierwise defined, all technical and scientific terms used herein have the same 
meaning as coromonly understood by one of oidinary skill in the art to which this invention 
belongs. Allhough melhods and materials similar or equivalent to those described herein can 
be used in the practice or testing of the present invention, useful mefliods and materials are 
described below. The materials, mefhods, and «cample$ are illustrative only and not 
mtended to be limiting. Other features and advantages of the mvention will be apparent from 
the following detailed description and from the claims. 

BBIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 A is a graphical representation of dsRNAs used for targeting Pp-luo mRNA. 
Three series of blunt-ended dsRNAs covering a range of 29 to 504 bp were prepared. The 
position of the first nucleotide of the sense strand of the dsRKA is mdioated relative to the 

start codon of Pp-luc mRNA (pi), 

FIG. IB is a graphical representation of the ratios of target Pp-luc to control Rr-luc 
activity when normalized to a buffer control (buf). DsRNAs (5 rM) were preincubaled in 
Drosophila lysate for 15 min at 25'>C prior to the addition of 7-methyl-guanosine-capped Pp- 
luc and Rr-luc mRNA (-50 pM)- The incubation was continued jfor another hour and then 
analyzed by the dual luoiferase assay (Promega). The data are the average from at least four 
independent experiments standard deviation. 

FIG. 2 is a gel from a time course experiment of 2l-23mer formation in the 
processing of internally ^^P-labeled dsRNAs (5 nM) m Drosophila lysate. The length and 
source of the dsRNA are indicated. An RNA size marker (M) was loaded in the left lane and 
the fiagment sizes are indicated. Double bands at time zero are due to incompletely 
denatured dsRNA . 

FIG. 3A is a denaturing gel of the stable 5' cleavage products produced by 1 h 
mcubation of 10 nM sense or antisense RNA ^¥-labeled at the cap with 10 nM dsRNAs of 
the pl33 series in Drosophila lysate. Length markers were generated by partial nuclease Tl 
digestion and partial alkaline hydrolysis (OH) of the cap-labeled target RNA. The regions 
targeted by the dsRNAs are indicated as vertical bars on title left and right sides of the gel. 
The 20-23 nt spacing between the predominant cleavage sites for the 111 bp long dsRNA is 
shown. The horizontal arrow indicates unspecific cleavage not due to RNAi. 
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FIG. 3B shows the seqpiences of the capped 177 nt sense and ISO nt antisense target 
RNAs, in antiparallel ori^tation, such that corapleanentaiy sequences are opposing each 
other. The regions targeted by the differex>t dsRNAs are indicated by black bars positioned 
between the sense and antisense target sequ^ices. Cleavage sites are indicated by circles: 
large circles for strong cleavage, apid small circles for weak cleavage. The ^^P -radiolabeled 
phosphate group is marked by an asterisk. 

FIG. 4A shows the sequences of -21 nt KNAs after dsRNA processing. The -21 nt 
RNA fragments were directionally cloned and sequenced. Some oligoribonucleotides 
originated from the sense strand ot the dsRNA, while others originated from the antisense 
strand. Thick bars represent sequences present in multiple clonesj and the number at the 
right indicates the frequency. The target RNTA cleavage sites mediated by the dsRNA are 
indicated as circles (large circles for strong cleavage, small circles for weak cleavage (see 
FIG. 3B). Circles on top of the sense strand indicated cleavage sites within the sense target 
and circles at the botton? of the dsRNA indicate cleavage site in the antisense target Up to 
five additional nucleotides were identified in ^21 nt fragments derived from the 3' ends of the 
dsRNA, These nucleotides are random combinations of predominantly C, G, or A residues. 

FIG 4B is a collage of two-dim^sional TLC plates. --21 nt RNAs were generated 
by incubation of internally radiolabeled 504 bp Pp-luc dsBNA in Drosophila lysate, gel- 
purified, and then digested to mononucleotides with nuclease Pl (top row) or ribonuclease T2 
(bottom row). The dsRNA was internally radiolabeled by transcription in the presence of 
one of the indicated o:-^^P nucleoside triphosphates. Radioactivity was detected by 
phosphorimaging- Nucleoside 5 '-monophosphates, nucleoside 3 '-monophosphates, 
nucleoside 5*, 3'-diphosphates, and inorganic phosphates are mdicated as pN, Np, pNp, and 
pi, re^ectively. Hollow circles indicate UV-absorbing spots from non-radioactive carrier 
nucleotides. The 3', 5' bisphosphates were identified by co-migration with radiolabeled 
standards prepared by 5 -phosphorylation of nucleoside 3'-monophosphates with T4 
polynucleotide kinase and -ATP, 

FIG. 5A depicts a control 52 bp dsRNA and synthetic 21 and 22 nt dsRNAs. The 
sequences of the siRNAs were derived from the cloned fragments of 52 and 1 1 1 bp dsRNAs 
(FIG. 4A), except for the 22 nt antisense strand of duplex 5. The siRNAs in duplexes 6 and 7 
were unique to the 1 1 1 bp dsRNA processing reaction. Both strands of the control 52 bp 
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dsRNIA were prepared by in vitro transcription and a fraction of transcripts may contain 
untemplated 3' nucleotide addition. The target KNA cleavage sites directed by the siKNA 
duplexes are indicated by circled (see legend to FIG. 4A) and were determined as described 
inFlG,5B. 

FIG. 5B is a gel showing Hie position of cleavage sites on the sense and antisaise 
target RNAs. The target KNA spqneaces are as described in FIG. 3B. A control 52 bp 
dsRNA (10 uM), or 21 and 22 nt RNA duplexes 1-7 (100 nM) (see FIG- 5A) were incubated 
with target RNA for 2.5 h at 25«'C in Drosophila lysate. The stable 5' cleavage products were 
resolved on the gel. The cleavage sites are indicated in FIG. 5A, The region targeted by the 
52 bp dsRNA or the sense (s) or.antisense (as) strands are indicated by the vejctical bars on 
the right and left side of the gel. The cleavage sites are all located within the region of 
identity of the dsKNAs. 

FIG. 6A is a representation of 52 bp dsKNA constructs. The overhang regions are 3' 
extensions of the sense and antisense strands. The observed cleavage sites on the target 
KNAs are represented as ciicles'as in FIG. 4A and were determined as shown in FIG. 6B. 

FIG. 6B is a gel showing tiie position of the cleavage sites on the sense and antisense 
target RNAs. The target RNA sequences are as described in FIG. 3B. DsRNA (10 nM) was 
incubated with target RNA for 2.5 h at 25*0 in Drosophila lysate- The stable 5' cleavage 
products were resolved on the gel. The major cleavage sites are indicated with a horizontal 
aiTow and are also represented in FIG. 6A. The region targeted by the 52 bp dsRNA is 
represented as a vertical bar on either side of the gel. 

FIG. 7 is a model for RNAi. According to this model, RNAi begins with processing 
of dsRNA to predominantly 21 and 22 nt short interfering RNAs (siRNAs). Short 
overhanging 3' nucleotides associate with the dsRNA and facilitate processing of the short 
dsRNAs. The dsKNA-processing pioteins, v^cih remain to be characterized, are r^resented 
as ovals, and are shown assembled on the dsRNA in asymmetric fashion. For example, one 
protein or protem domain may always associate with the siRNA strand in the 3' to 5' 
direction, or on the antisense strand while another protdn may always associate with the 
opposing, or sense, siRNA strand. These proteins or a subset of the protdais may remain 
associated with the siFNA duplex and preserve its orientation as determined by the direction 
of the dsRNA processing reaction. Only the siRNA sequence associated with the one 
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paiticular protdn maybe able to guide target RNA cleavage. The endonuclease complex is 
referred to as small mterferirig ribqnucleoproteiii complex, or siKNP, It is presumed here 
that the endomioIeasB that cleaves the dsKNA raay also cleave the target RNA, probably by 
temporarily displacing the passive sIRNA strand, which is not used for target recognitioii. 
The target RNA can then be cleaved in the center of the region recognized by the sequence- 
complementary guide siRNA. 

FIG. 8 A is a representation of the firefly (Pp-luc) and sea pansy (Rr-lnc) luciferase 
reporter gene regions from plasmids pGL2-Controlj, pGL3-Control and pRL-TK (Promega), 
SV40 regulatory elements^ the HSV thymidine kinase promoter and the two introns (lines) 
are hidicated. The sequence of GL3 luciferase is 95% identical to GL2, but RL is completely 
unrelated to both. Luciferase expression from pGL2 is approx. 10-fold lower than from 
pGL3 in transfected Tnammalian cells. The region targeted by the siRNA duplexes is 
indicated as a black bar below the coding region of the luciferase genes. 

FIG* 8B illustrates the sequences of the sense (top) aad antisense (bottom) strands of 
the SiRNA duplexes targeting GL2, GL3 and RL luciferase RNAs. The GL2 and GL3 
siRNA diiplexes differ by only 3 single nucleotide substitutions (boxed). As an uospecific 
control, a duplex with the inverted ^GL2 sequence, invGL2, was synthesized. The 2 nt 3' 
overhang of 2 -deoxythymidine is indicated as TT; uGL2 is similar to GL2 siRNA but 
contains ribo-uridiae 3' overhangs. 

FIG. 9 is a collage of graphs indicating ratios of target control luciferase nonnalized 
to a buffer control (bu); gray bars indicate ratios olPhotinits pyralis (Pp-luc) GL2 or GL3 
luciferase to Renilla reniformis (Rr-luc) RL luciferase (left axis), white bars indicate RL to 
GL2 or GL3 ratios (right axis). Panels g, and i describe experiments performed with 

the combination of pGL2-Control land pRL-TK reporter plasmidSj, and panels b, d, f, h and j 
describe experiments performed with pGL3-ControI and pRL-TK reporter plasmids. The cell 
line used for the interference experiment is indicated at the top of each plot. The ratios of 
Pp-luc/Rr-Iuc for the buffer control (bu) varied between 0.5 and 10 for pGL2/pRL and 
between 0.03 and 1 forpGL3/pRL, respectively, before normalization and between the 
various cell lines tested. The plotted data were averaged from three independent experiments 
S.D. . 
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FIG, 10 is a collage of graph$ illustrating the lengths of long dsRNAs (x axis). 
Panels a, c and e describe experiinents performed with pGL2-Coiitrol and pRL-TK reporter 
plasmids, panels b, d and f with pGL3-Control and pRL-TK reporter plasmids. The data 
vrete averaged from two independent experiments S.D. (a), (b) Absolute Pp-luc expression, 
plotted in arbitrary luminescence units, (c), (d) Rr-luc expression, plotted in arbitrary 
luminescence units, (e), (f) Ratios of normalized target to control luciferase. The ratios of 
luciferase activity for siRNA duplexes were normalized to a buffer control (bu). The 
luminescence ratios for 50 or 500 bp dsRNAs were normalized to the respective ratios 
observed for 50 and 500 bp dsKNTA from humanized GFP (hG). The overall differences in 
sequences between the 49 and 484 bp dsRNAs targeting GL2 and GL3 were not sufficient to 
confer specificity between GL2 and GL3 targets (43 nt uninterrupted identity in 49 bp 
segment, 239 nt longest uninterrupted identity in 484 bp segment). 

FIG. 11 A is an outline of the experimental strategy. The capped and polyadenylated 
sense target mRNA is depicted and the relative positions of sense and antisense siKNAs are 
shown. Eight series of di^lexes, according to the eight different antisense sh-auds were 
prepared. The siKNA sequences and the number of overhanging nucleotides were changed 
in 1-nt steps. 

FIG. IIB is a graph illustrating the normalized relative luminescence of target 
luciferase (Photinus pyralis, Pp-luc) to control lucifetase (Renitta reniformis, Rr-luc) in D, 
melanogaster embryo lysate in the presence of 5 nM blunt-ended dsRNAs. The 
Imninescence ratios determined in the presence of dsRNA were normalized to the ratio 
obtained for a buffer control (bu). Normalized ratios less than 1 indicate specific 
interfeirence. 

BIG. lie (c-j) is a collage of ^phs illustrating the normalized interferaice ratios for 
eight series of 21-nt siRNA duplexep. The sequences of siRNA duplexes are depicted above 
the bar graphs. Each panel show^s tlie interference ratio for a set of duplexes formed with a 
given antisense guide siRNA and 5 iiffesrent sense siRNAs. The number of oveihangjng 
nucleotides (3' overhang, positive mmibers; 5 'overhangs, negative numbers) is indicated on 
the X-axis. Data points were averaj^ed from at least 3 indepcaident experiments, error bars 
represent standard deviations. 
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FIG. 12 is a diagram illustfatiAg an experiment, and three graqphs illustrating the 
results. Three 21-nt antisense strands were paired with eight sense siRNAs- The siRNAs 
were changed in length at their 3' end. The 3' overhang of the antisense siRNA was 1-nt (B), 
2-nt (C), or 3-nt (D) while the sense siRNA overhang was varied for each series. The 
sequences of the siKNA duplexes and the coiresponding interference ratios are indicated- 

FIG- 13 15 a diagraro illusti-atii^g an expeiiment, and three graphs illustrating the 
results. The 21-nt siElNA duplex is identical in sequence to the one shown in FIG- 1 IH or 
12C. The siRNA duplexes were exter ided to the 3' side of the sense siRNA (B) or the 5* side 
of the sense siRNA (C). The siRNA diplex sequences and the respective interference ratios 
are indicated- 

FIG. 14 is a graph of luminescence ratios. The 2'-hydroxyl groups (OH) in the 
strands of siRNA duplexes were replaced by 2' deoxy (d) or 2 -O-methyl (Me), 2-nt and 4-nt 
2 -deoxysubstitutions at the 3'-ends are indicated as 2'-nt d and 4-nt d, respectively. Uridine 
residues were replaced by 2'-deoxy thymidine. 

asterisk) cap4abeled sense and antisense target RNAs 



BIG. ISA is a diagram of ^^P ( 
and siRNA duplexes. The positions of sense and antisense target RNA cleavage is indicated 
by triangles over and below the siKNA duplexes^ respectively. 

FIG. 15B is a pair of gels indicating target RNA cleavage sites. After 2 h incubation 
of 10 uM target with 100 iiM siRNA duplex in D. melanogaster embryo lysate, the 5' cap- 
labeled substrate and the 5' cleavage products were resolved on sequencing gels* Length 
markers were generated by partial RNase Tl digestion (Tl) and partial alkaline hydrolysis 
(0H-) of tlie target RNAs. The bold lines to the left of the images indicate the region 
covered by the siRNA strands 1 and 5 of the same orientation as tl^e target. 

FIG. 16 is a diagrammatic representation of the experiment (A, B) and a collage of 
gels showing the results (C,D), The antisense siRNA was the same length in all siRNA 
duplexies, but the sense strand was varied between 1 8 to 25 nt by changing the 3' end (A) or 
18 to 23 nt by changing the 5' end (B). The position of sense and antisense target RNA 
cleavage is indicated by triangles over and below the siRNA duplexes^ respectively. 
Analysis of target RNA cleavage was performed by using cap-labeled sense (C> D: top panel) 
or antisense (C^ D: bottom panel) target RNAs. Only the cap-labeled 5' cleavage products 
are shown* The sequences of the siRNA duplexes are indicated, and the length of the sense 
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siRNA straads is marked on over fflie gels. The control lane, marked witli a dash in panel 
(C), shows target RNA incubated ia the absence of siRNAs. Markers were as described in 
FIG. 15. The arrows in (D), bottom panel, indicate the target RNA cleavage sites that 
differed by 1 nt. 

EIG. 1 7 is a graph illustrating luminescence ratios when the 2-nt 3'overhang (NN) 
was changed in sequence and composition as indicated (T, 2'-deoxythymidine, dG, 
2*deoxyguanosine; asterisk, wild-type siRNA duplex). Normalized interference ratios were 
determined as described in FIG, 1 L The wild-type sequence is the same as depicted in 
Fia 14. 

FIG, IS is a graph illustrating lumioescence ratios resulting from experiments with 
mismatched siliNA duplexes. The sequeaces of the mismatched siRNA duplexes are shown 
above the graph; modified sequence segments or single nucleotides are shaded. The 
reference duplex (ref) and the siRNA duplexes 1 to 7 contain 2'-deoxy1hymidiTie 2-nt 
overhangs. The silencing efficieacy of the thyiTddiae-modiJBed reference duplex was 
comparable to the wild-iype sequence (FIG, 17), Noraialized interference ratios were 
determined as described in FIG. 1 1 - 

FIG* 19 is a collage of graphs illustrating luminescence ratios when siRNA duplexes 
were extended to the 3' side of the;sense siRNA (A) or the 5' side of the sense siRNA (B), 
The siRNA duplex sequences and ithe respective interference ratios are indicated. For HeLa 
SS6 cells, siRNA duplexes (0.84 fig) targeting GL2 luciferase were transfected together with 
pGL2-Control and pRL-TKplasmids. For comparison, the in vitro RNAi activities of siRNA 
duplexes tested in D. melanogaster lysate are indicated. 

DETAILED DESCRIPTION 

The invention relates to sequence and structural features of double stranded (ds)RNA 
molecules required to mediate target-specific nucleic acid modifications such as RNA- 
interference and/or DNA methylafion- Novel dsRNA agents aad methods capable of 
mediating target-specific RNA interference (RNAi) or other target-specific nucleic acid 
modifications, such as DNA methylation, are provided, and these agents and methods have 
improved efficacy and safety compared to prior art agents and methods. 
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The invention provides an isolated double stranded KNA molecule, wlierein each 
RNA strand has a length fiom 19-25* particularly from 19-23 nucleotides, wherein said RNA 
molecule is capable of mediating target-specific nucleic acid modifications, particularly KNA 
interference and/or DNA methylation. Preferably at least one strand has a 3'-overhaug from 
1-5 nucleotides, more preferably; from 1-3 nucleotides and most preferably 2 nucleotides. The 
other strand may be blunt-ended or has up to 6 nucleotides 3^ overhang. Also, if both strands 
of the dsRJMA are exactly 21 or 22 n% it is possible to observe some RNA interference when 
both ends are blunt (0 nt overhang). The RNA molecule is preferably a synthetic RKA 
molecule that is substantially free from contaminants occurring in ceU extracts, e,g,^ from 
Drosophila embryos. Further^ the RNA molecule is can be substantially free from any non- 
target-specific contaminants, particularly non-target-specific RNA molecules, e.g,» from 
contaminaats occurring in ceil extracts* 

The invention also relate^ to the use of isolated double stranded RNA molecules, 
wherein each RNA strand has a length from 19-25 nucleotides^ for mediating target specific 
nucleic acid modifications, parfibularly RKAi, in mammalian cells^ particularly in human 
cells. 

It was found that synthetic short double stranded RNA molecules particularly with 
overhanging 3' ends are sequence-specific mediators of RNAi and mediate efficient target- 
RNA cleavage^ wherein the cleavage site is located near the center of the region spanned by 
the guiding short RNA- 

Each strand of the RNA molecule preferably has a length from 20-22 nucleotides (or 
20-25 nucleotides in mammaliaai cell$)j wherein the length of each strand may be the same or 
different. The length of the 3'-overhang preferably reaches from 1-3 nucleotides^ wherein the 
length of the overhang may be the same or different for each straud. The RNA-strands 
preferably have 3 -hydroxyl groups. The S'-terminus preferably comprises a phosphate;, 
diphosphate, triphosphate or hydroxyl group- The most effective dsRNAs are composed of 
two 21 nt strands which are paired such that 1-3, particularly 2 nt 3' overhangs are present on 
both ends of the dsRNA. 

The target KNA cleavage reaction guided by siRNAs is highly sequence-specific. 
Howeverj, not all positions of an siRNA contribute equally to target recognition. Mismatches 
in the center of the siRNA duplex are most critical and essentially abolish target RNA 
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cleavage. la contrast, the 3^ micleotide of the siRKA stremd position 21) that is 
complementary to the single-stranded target RNA, does not contribute to specificity of the 
target recognition. Furfhar, the sequence of the unpaired 2-nt 3 ' overhang of stRNA the 
strand with the same polarity as the target ENA is not critical for target RNA cleavage as 
only the antisense siKNA strand guides target recognition. Thus, from the single-stranded 
overhanging nucleotides only the pCTiultimate position of the antisense siRNA (e.g'-j position 
20) needs to match the targeted sense mRNA. 

The double stranded RNA molecules of the present invention exhibit a high in vivo 
stability in serom or in growth niedium for cell cultures. In order to further enhance flie 
stability^ the 3 -overhangs n^ay be stabilized against degradation, e.g.^ they may be selected 
such that they cqtlsibX of purine nucleotides, particularly adenosine or guanosine nucleotides. 
AIteniatively> substitution of p>namidine nucleotides by modified analogues, e.g., substitution 
of uridine 2 nt 3' overhangs by 2 -deoxythymidine is tolerated and does not affect ttxc 
ejEHciency of RNA interference. The absence of a 2' hydroxyl significantly enhances the 
nuclease resistance of the overhang in tissue culture medium. 

The KNA molecule of the inveation preferably contains at least one modified 
nucleotide analogue* The nucleotide analogues may be located at positions where Ihe target- 
specific activity, e.g., the RNAi mediating activity is not substantially effected, e.g-^, in a 
region at the S'-end and/or the 3 '-end of the double stranded RNA molecule. Particularly^ 
the overhangs may be stabilized by incorporating modified nucleotide analogues. 

Preferred nucleotide analogues are selected Irom sugar- or backbone-modified 
ribonucleotides- It should be noted, however, that also nucleobase-modified ribonucleotides, 
z.e., ribonucleotides, containing a non-naturally occmxing nucleobase instead of a naturally 
occurring nucleobase, such as uridines or cytidines modified at the 5-position, e.g.^ 5-(2- 
amino)propyl uridine, 5-bromo uridine; adenosines and guanosines modified at the S- 
position, e.g., S-bromo guanosine; deaza nucleotides, eg,, 7-deazaadeno$ine; 0-and N- 
alkylated nucleotides, ^.g,, N6-itLethyl adenosine are suitable. In preferred sugar-modified 
ribonucleotides, the 2* OH-group can be replaced by a group selected firotn H, OR, R halo, 
SH, SR, NH2, NHR, NR2 or CN, wherein R is C1-C6 alkyl, alkenyl or alkynyl and halo is F, 
a, Br or L 
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In preferred backbone-modified ribonucleotideSji the phosphoester group connecting 
to adjacejit ribonucleotides is replaced by a modified group, e,g,, a phosphothioate group. It 
should be noted that the above rriodifications may be combined. 

The sequence of the double stranded RNA molecule of the present invention has to 
have a sufficient identity to a nucleic acid target molecule in order to mediate target-specific 
KNAi and/or DlSf A methylation. Preferably, the sequ^ce has an identity of at least 50%, 
particularly of at least 70% to the desired target molecule in the double stranded portion of 
the RNA molecule. More preferiablyp the identity is at least 85% and most preferably 100% 
in the double stranded portion of the RNA molecule. The identity of a double stranded RNA 
molecule to a predetexrained nucleic acid target molecule^ e.g.^ an mRNA target molecule, 
maybe determined as follows: 

I=(n/L)xlOO 

wherein I is the identity in percent, n is the numbCT of identical nucleotides in the double 
stranded portion of the ds RNA and the target, and L is the length of the sequence overlap of 
the double stranded portiou of the dsRNA and the target- 
Alternatively, the identity of the double stranded RNA molecule to the target 
sequence may be defined including the 3 ' overhang, particularly an overhang having a length 
from 1-3 nucleotides. In this case the sequence identity is preferably at leagt 50%^ more 
preferably at least 70% and most preferably at least 85% to the target sequence^ For 
example, the nucleotides fi'om the 3' overhang and up to 2 nucleotides from the 5' and/or 3' 
terminus of the double strand may be modified without significant loss of activity. 

The double stranded RNA molecule of the invention may be prepared by a method 
that includes the following steps: 

(a) synthesizing two RNA strands each having a length firom 19-25, B.g.^ fi^om 19-23 
nucleotides, wherein said RNA strands are capable of forming a double stranded RNA 
molecule, wherein preferably at least one strand has a 3 -overhang firom 1-5 nucleotides; and 

(b) combining the synthesized RNA strands imder conditions^ where a double 
stranded RNA molecule is formed, which is capable of mediating target-specific nucleic acid 
modifications, particularly RNA interference and/or DNA methylation. 
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Metliods of synthesizing RNA molecules are known in the art la this context^ it is 
particularly referred to chemical synthesis methods as described in Vertna and Eckstein 
(1998). 

The single-stranded RNAs can also be prepared by ewzymatic transcription from 
5 synthetic DNA templates or from DNA plasmids isolated from recombinant bacteria. 
Typically, phage RNA polymerases are used such as T7j» T3 or SP6 RNA polymerase 
(Maiigan and UMenbeck, 1989), . 

Another aspect of the present invention relates to a method of mediating target- 
specific nucleic acid modifications, particularly RNA interference and/or DNA methylation 
10 in a cell or an organism. The method in can include the following steps: 

(a) contacting the cell or organism -with the double stranded RNA molecule of the 
invention under conditions wherein target-specific nucleic acid modifications can occur; and 

(b) mediating a target-specific nucleic acid modification effected by the double 
stranded UNA towards a target niicleic acid having a sequence portion substantially 

15 corresponding fo the double stranded RNA. 

The contacting step preferably includes (a) introducing the double stranded RNA 
molecule into a target cell^ e.g.^ an isolated target cell,, e.g.j, in cell culture, a unicellular 
microorganism or a target cell or.a plurality of target cells within a multicellular organism. 
More preferably^ the introducing step comprises a carrier-mediated delivery, e.g,^ by 

20 liposomal carriers or by injection. 

The method of the invention may be used for determining the function of a gene in a 
cell or an organism (or for modulating the function of a gene in a cell or an organism) 
capable of mediating RNA interference. The cell can be a eukaryotic ceU or a cell line, e,g,, 
a plant cell or an animal cell, such as a mammalian cell, e.g.j, an embryonic cells a pluripotent 

25 stem cell, a tumor cell> e,g.^ a teratocarcinoma cell or a virus-infected cell. The organism is 
preferably a eukaryotic organism; e.g.^ a plant or an animal^ such as a n^immal, particularly a 
human. 

The target gCTe to which the RNA molecule of the invention is directed can be 
associated with a pathological condition. For example^ the gene maybe a pathogen- 
30 associated gene, e,g,^ a viral gene^ a tumor-associated gene or an autoiimnune disease- 
associated gene. The target gene may also be a heterologous gene expressed in a 
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recombinant cell or a genetically altered organism. By modulating, particularly, inhibiting 
the function of such a gene, valuable information and therapeutic benefits in the agricultural 
fields or in the medicine or veterinary medicine field, may be obtained. 

The dsRNA is usuaUy adniinistered as aphaimaceutical composition- The 
administration may be caixied out by known methods, wherein a nucleic acid is introduced 
into a desired target cell in vitro or in vivo. Commonly used gene transfer techniques include 
calcium phosphate^ DEAE-dextran, electroporatipu, microinjection and viral methods 
(Graham, F. L. and van derBb, A- J, (1973) ViroL 52, 456; McCutchau, J. H. andPagauo, J. 

(1968), L Natl. Cancer Inst 41, 351; Chu, G. et al (1987), NucL Acids Res. 15, 1311; 
Fraley, R. et al (1980), J. Biol Chem. 255, 10431; Capecchi, M.R. (1980), Cell 22, 479). A 
recent addition to this arsenal of techniques for the introduction of DNA into cells is the use 
of cationic Hposomes (Feigner, P. L. et al. (1987), Proc- NatL Acad. Sci USA 84, 7413), 
Commercially available cationic lipid formulations are, e,g,, Tfe 50 (Promega)or 
Lipofectamin2000 (Life Technolbgies). Thus, the invention also relates to a pharmaceutical 
composition containing as an active agent at least one double stranded RNA molecule as 
described above and a pharmaceutical carrier. The composition may be used for diagnostic 
and for therapeutic applications in human medicine or in veterinary medicine. 

For diagnostic or therapeiitic applications, the composition may be in the form of a 
solution, e,g,^ an injectable solution, a cream, ointment, tablet, suspension or the Hke. The 
composition may be administered in any suitable way, e.g., by injection, by oral, topical, 
nasal, rectal application, etc^ Tlie carrier may be any suitable phaimaceutical carrier- 

Preferably, a carrier is used, which is capable of increasing the efficacy of the RNA 
molecules to enter the target-cells. Suitable examples of such carriers are liposomes, 
particularly cationic liposomes. A further preferred administration method is injection. 

The KNAi method described herein can also be used for the fimctional analysis of 
eukaryotic cells, or eukaiyotic non-human organisms, preferably mammalian cells or 
organisms and most preferably human cells, e,g,, cell lines such as HeLa or 293 or rodents, 
e.g., rats and mice. By transfection wifli suitable double stranded RNA molecules which are 
homologous to a predetermined target gene or DNA molecules encoding a suitable double 
stranded ENA molecule a specific knockout phenotype can be obtained in a target cell, e,g,^ 
in cell culture or in a target organism. Surprisingly it was found that the presence of short 
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double stranded RNA molecules do not result in an interferon response from file host cell or 
host organism. 

Thus, a further subject matter of the invention is a eukaryotic cell or a eukaryotLc non- 
human organism exhibiting a target gene-specific knockout phenotype comprising an at least 
partially deficient expression of at least one endogeneous target gene wherein said cell or 
organism is transfected wifli at least one double stranded RNA molecule capable of inhibiting 
the expression of at least one endogenous target gene or with a DNA encoding at least one 
double stranded RNA molecule capable of inhibiting the expression of at least one 
endogeneous target gene. It should be noted that the present invention allows a target- 
specific knockout of several different endogeneous genes due to the speciiacity of RNAi, 

Gene-specific knockout phenotypes of cells or non-human organisms, particularly of 
human cells or non-human mammals may be used in analytic procedures, e,g., in the 
functional and/or phenotypical analysis of complex physiologicaJ processes such as analysis 
of gene expression profiles and/or proteomes. For example, one may prepare the knock-out 
phenotypes of human genes in cultured cells which are assumed to be regulators of 
alternative splicing processes. Aihong these genes are particularly the members of the SR 
splicing factor family, e-g., ASF/SF2, SCSS, SRp20, SRp40 or SRp55. Further, the effect of 
SR proteins on the mRNA profiles of predetennined alternatively spliced genes such as 
CD44 may be analyzed, Preferabiy the analysis is carried out by high-throughput methods 
using ohgonucleotide based chips. 

Using RNAi-based knockout technologies, the expression of an endogeneous target 
gene may be inhibited in a target cell or a target organism. The endogeneous gene may be 
complemented by an exogeneous 'target nucleic acid coding for the target protein or a variant 
or mutated form of the target proifeinj, e.g.^ a gene or cDNA, a which may optionally be fused 
to a further nucleic acid sequence' encoding a detectable peptide or polypeptide, e^g., an 
affinity tag, particularly a multiple afSnity tag. Variants or mutated forms of the target gene 
differ from the endogeneous target gene in that they encode a gene product which differs 
from the endogeneous gene product on the amino acid level by substitutions, insertions 
and/or deletions of single or multiple amino acids* The variants or mutated forms may have 
the same biological activity as the endogeneous target gene. On the other hand, the variant or 
mutated target gene may also have a biological activity, which differs firom the biological 
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activity of the endogeneous target gene, e.g-:, a partially deleted activity, a completely deleted 
activity, an enhanced activity^ etc. 

The con3.plenientation may be accomplished by coexpressing the polypeptide encoded 
by the exogeneous nucleic acid, e-g*,, a fusion proteiii comprising the target protein and iiie 
affimty tag and the double stranded RNA molecule for knocking out the endogeneous gene in 
the target cell. This compression may be accomplished by using a suitable expression vector 
expressing both the polypeptide encoded by the exogeneous nucleic acid^ e,g.^ the tag- 
modified target protein and the double stranded RNA niolecule or alternatively by using a 
combination of expressioji vectors. Proteins and protein complexes which are synthesized de 
novo in the target cell will contaiix the exogeneous gene product^ e.g., the modified fusion 
protein. In order to avoid suppression of the exogeneous gene product expression by the 
RNAi duplex molecule^ the nucleotide sequence encoding the exogeneous nucleic acid may 
be altered, on the DNA level (with or without causing mutations on the amino acid level) in 
the part of the sequence which is homologous to the double stranded RNA molecule. 
Alternatively, the endogeneous target gene may be complemented by corresponding 
nucleotide sequences from other species, eg*, from mouse. 

Preferred applications for the cell or organism of the invention is the analysis of gene 
expression parofiles and/or proteomes- In an especially prefetral embodiment, an analysis of 
a variant or mutant form of one br several target proteins is carried out^ wherein said variant 
or mutant forms are reintroduced into the cell or organism by an exogeneous target nucleic 
acid as described above. The combination of knockout of an endogeneous gene and rescue 
by using mutated;, e.g,^ partially ^deleted exogeneous target has advantages compared to the 
use of a knockout celL Further, this method is particularly suitable for identifying functional 
domains of the target protem. In a further preferred embodiment a comparison^ e.g.^ of gene 
expression profiles and/or proteomes and/or phenotypic characteristics of at least two cells or 
organisms is carried out. These organisms are selected jEcom: 

(i) a control cell or contrW organism without target gene inhibition, 

(ii) a cell or organism with target gene inhibition, and 

(iii) a cell or organism with target gene inhibition plus target gene complementation 
by an exogeneous target nucleic acid, 
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The method and cells of the invention are also suitable in a procedure for identifying 
and/or chatacteriziag phannacological agouts, e.g-., identifying new pharmacological agents 
fi:om a collection of test substances and/or characterizing mechanisms of action and/or side 
effects of known pharmacological -.agents. 

Thus, the present invention also relates to a system for identifying and/or 
characterizing pharmacological agents acting on at least one target protein comprising: 

(a) a eukaiyotic cell or a eiikaryotic non-human organism capable of expressing at 
least one endogeneous target gene-coding for said target protein, 

(b) at least one double stranded RNA molecule capable of inhibiting the expression of 
said at least one endogeneous target gene, and 

(c) a test substance or a collection of test substances wherein pharmacological 
properties of said test substance or said collection are to be identified and/or characterized. 

Further, the system as desdiibed above preferably comprises: 

(d) at least one exogeneous target nucleic acid coding for the target protein or a 
variant or mutated form of the target protein wherein said exogeneous target nucleic acid 
differs from the endogeneous target gene on the nucleic acid level such Ihat the expression of 
the exogeneous target nucleic acid is substantially less ttihibited by the double stranded RNA 
molecule than the expression of the endogeneous target gene. 

Furthermore, the RNA knockout complementation method may be used for 
preparative purposes, e.g.^ for the affinity purification of proteins or protein complexes firom 
eukaryotic cells, particularly maminalian cells and more particularly hmnan cells. In this 
embodiment of the invention, the Exogeneous target nucleic acid preferably codes for a target 
protein which is fused to an affinity tag. 

The preparative method may be employed for the purification of high roolecular 
weight protein complexes which preferably have a mass of 150 kD and more preferably of 
500 kD and which optionally may contain nucleic acids such as KNA* Specific examples are 
the heterotriraeric protein complex consistmg of the 20 kD, 60 KD and 90 kD proteins of the 
U4/U6 snKNP particle, the splicmg factor SF3b from the 17S U2 snRNP consisting of 5 
proteins having molecular weights of 14, 49,120,145 and 155 kD and the 25S U4/U6/U5 tri- 
snRNP particle containing the U4, U5 and U6 snRNA molecules and about 30 proteins, 
which has a molecular weight of about 1 .7 MD. 
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This metQioci is suitable for fimctional proteome analysis in mairanalian cells, 
particularly hunian cells. 

The invention is further illustrated by the following examples, which should not be 
construed as further limiting. The contents of all references^ pending patent applications and 
published patents, cited throughout this application are hereby expressly incoxpoiated by 
reference. 

EXAMPLES 

Example 1. RNA Interference Mediated by Small Synthetic RNAs 
1.1- Experimental Procedures 
1.1.1- In vitro RNAi 

In vitro RNAi and lysate preparations were perfonned as described previously 
(Tuschl et aL^ 1999; Zamore et aL^ 2000). It is critical to use freshly dissolved creatine 
kinase (Roche) for optimal ATP regeneration. The RNAi translation assays (Fig. 1) were 
prafoimed with dsRNA concentrations of 5 nM and an extended pre-incubation period of 1 5 
min at 25°C prior to the addition of m vitro transcribed, capped and polyadenylated Pp-luc 
and Rr-luc reporter ixiRNAs. The; incubation was continued for 1 h and the relative amount 
of Pp-luc and Rr-luc protein was analyzed using the dual luciferase assay (Promega) and a 
Monoligjit 301 OC luminometer (PharMingen). 

1,1.2. RNA Synthesis, 

Standard procedures were used for in vitro transcription of RNA froro PCR templates 
carrying T7 or SP6 promoter sequences^ see for example (Tuschl et al, 1998), Synthetic 
RNA was prepared using Expedite RNA phosphoramidites (Proligo). The 3* adapter 
oligonucleotide was synthesized using dimethoxytri1yl-l,4-benzeaecBmcthanol-succinyl 
aminopropyl-CPG. The ohgoribonucleotides were depiotected in 3 ml of 32% 
annnonia/ethanol (3/1) for 4 h 55^C at (Expedite RNA) or 16 h at SS'^C (3' and 5' adapter 

i 

DNA/RNA chimeric oligonucleotiiies) and then desialylated and gel-purified as described 
previously (Tuschl et aL, 1993). RjSTA transcripts for dsRNA preparation including long 3' 
overhangs were generated from PCR templates that contained a T7 pioinoter in sense and an 
SP6 promoter in antisense direction. The transcription template for sense and antiseme target 
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RNA was PCR-amplified with , 

GC GTAATACGACTCACTATA GAACAATTGCTTTTACAG (imderUned, T7 promoter)as 
5' primer and ATTTAGGTGACACTATA GGCATAAAGAATTGAAGA (underlined, SP6 
promoter) as 3' primer Wid the linearized Pp-luc plasmid (PGEM-luc sequence) (Tuschl et 
5 aL, 1999) as template; the T7-traiiscribed sense RNA was 177 nt long with the Pp-luc 
sequence between pos, 1 13-273 relative to the start codon and followed by 17 nt of the 
complement of the SP6 promoter sequence at the 3' end. Transcripts for bluat-endcd dsRNA 
formation were prepared by transcription firom two different PGR products which only 
contained a single promoter sequence. 

10 DsRNA annealing was earned out using a phenol/chloroform extraction, Equimolar 

concentration of sense and antiseiise RNA (50 nM to 10 ^M, depending on the length and 
amount available) in 0.3 M NaOAc (pH 6) were incubated for 30 s at 90°C and then 
extracted at room temperature with an equal volume of phenol/chloroform, and followed by a 
chlorofomi extraction to remove residual phenoL The resulting dsRNA was precipitated by 

1 5 addition of 2.5-3 volumes of ethaaol. The pellet was dissolved in lysis buffer (1 00 mM Kcl, 
30 noM HEPES-KOH; pH 7.4, 2 mM Mg(OAc)2) and the quality of the dsKNA was verified 
by standard agarose gel electrophoreses in 1 x TAE-buffbr. The 52 bp dsRNAs with the 1 7 
nt and 20 nt 3' overhangs (FIG. 6) were annealed by incubating for I min at 95X, then 
rapidly cooled to 70°C and followed by slow cooling to room temperature over a 3 h period 

20 (50 fil annealing reaction, 1 ijM strand concentration, 300 mM NaCl, 10 niM: Tris-HCl, pH 
7-5). The dsRNAs were then ph^ol/chloroform extracted, ethanol-precipitated and 
dissolved in lysis buffer. 

Transcription of internally ^^P -radiolabeled RNA used for dsRNA preparation (FIGs, 
2 and 4) was performed using 1 mM ATP, CTP, GTP, 0.1 or 0.2 mM UTP, and 0.2-0.3 /zM 

25 32P-UTP (3000 Ci/mraol), or the respective ratio for radiolabeled nucleoside triphosphates 
other, than UTP. Labeling of the cap of the target RNAs was performed as described 
previously. The target RNAs were gel-purified after cap-labeling. 

1.1.3. Cleavage Site Mapping 
30 Standard KNAi reactions were performed by pre-inoubating 1 0 nM dsKNA for 1 5 

min followed by addition of 10 nM cap-labeled target RNA. The reaction was stopped after 
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a further 2 h (FIG. 2A) or 2.5 h incubation (FIG. 5B and 6B) by proteinase K treatment 
(Tuschl et air, 1999). Th^ samples were then analysed on 8 or 1 0% sequencing gels. The 21 
and 22 nt synthetic RNA duplexes were used at 100 nM jBnal cpncesntration (Fig. 5B). 

1.1,4. Clonmg of -21 nt RNAs 

The 21 nt RNAs were produced by incubation of radiolabeled dsRNA in Drosophila 
lysate in absence of target RNA (200 fil reaction, 1 h incabation, 50 nM dsPl 1 1, or 100 nM 
dsP52 or dsP39). The reaction mixture was subsequently treated with proteinase K (Tuschl 
et aLy 1999) and the dsRNA-processing products were separated on a denaturing 15% 
polyacrylaraide geL A band, including a size range of at least 18 to 24 nt, was excised, 
elufed into 0.3 M NaCI overnight at 4^C and in siliconized tubes. The RlSTA was recovered 
by ethanol-precipitation and dephpsphorylated (30 fil reaction, 30 min, 50*C, 10 U alkaline 
phosphatase, Roche), The reaction was stopped by phenol/chloroform extraction and the 
KNA was ethanol-piecipitated. The 3 ' adapter oligonucleotide (jpUUUaaccgcatccttctcx: 
uppercase, RNA; lowercase, DNA; pj, phosphate; x, 4-hydroxyniethylben2yl) was fheaa 
Hgatedto the dephosphoiylated -21 nt RNA (20 fil reaction, 30 min, ST'^C^ 5 fiM 3' adapter, 
50 jnM Tris-HCl, pH 7.6, 10 naM MgCO, 0.2 luM ATP, 0.1 mg/ml acetylatedBSA, 15% 
DMSO, 25 U T4 RNA Hgase, Anier$ham-phaxmacia)(Pan and Uhlenbeck, 1 992). The 
ligation reaction was stopped by the addition of an equal volume of 8 M urea/50 mM EDTA 
stop mix and directly loaded on a 1 5% gel. Ligation yields were greater fhan 50%. The 
ligation product was recovered from the gel and 5 -phosphorylated(20 fil reaction, 30 min, 
37^C, 2 mM ATP, 5 U T4 polynucleotide kinase, NEB). The phosphorylation reaction was 
stopped by phenol/chloroform extraction and RNA was recovered by ethanol-precipitation. 
Next, the 5' adapter (tactaatacgactoactAAA: uppercase, RNA; lowercase, DNA) was ligated 
to the phosphorylaled ligation product as described above. The new ligation product was 
gel-purilied and eluted from the gel slice in the presence of reverse transcription primer 
(GACTAGCTGGAATTCAAGGATGCGGTTAAA: bold, Eco RI site) used as carrier. 
Reverse transcription (15 fd reaction, 30 nana, 42''C, 150 U Superscript II reverse 
transcriptase. Life Technologies) was followed by PGR using as 5' primer 
CAGCCAACGGAATTCATACGACTCACTAAA (bold, Eco RI site) and Ifae 3' RT primer. 
The PGR product was purified by phenol/chloroform extraction and ethanol precipitated- 



40 



wo 03/099298 PCT/EP03/05513 

The PGR product was then digested with Eco RI (NEB) and concatamerized using T4 DNA 
ligase (high cont.^ NEB). Concatamers of a size range of 200 to 800 bp were separated on a 
low-melt agarose gel, recovered 'from the gel by a standard melting and phenol extraction 
procedure^ and ethanol-precipitated. The impaired ends were filled in by incubation with Taq 
5 polymerase imder standard conditions for 15 min at 72"C and the DNA product was directly 
ligatedinto the pCR2.1-TOPO vector using the TOPO TA cloning Mt (Invitrogen), Colonies 
were screened using PGR and M13-20 and M13 Reverse sequencing primers, PGR products 
were directly submitted for custom sequencing (Sequence Laboratories Gottingen GmbH, 
Germany). On average, four to five 21mer seqtiences were obtained per clone. 

10 

1.1.5, 2D^TLC Analysis 

Nuclease PI digestion of radiolabeled^ gel-purified siRNAs and 2D-TLG was carried 
out as described (Zamore et aL^ 2000). Nuclease T2 digestion was performed in 10 jlcI 
reactions for 3 h at SO^'G in 10 roM ammonium acetate (pH 4.5) using 2 /ig/^tl carrier tRNA 
15 and 30 U ribonuclease T2 (Life Technologies). The migration of non-radioactive standards 
was determined by UV shadowing. The identity of nucleoside-3',5*-diphosphates was 
confirmed by co-migration of the T2 digestion products with standards prepared by 5'-^^P - 
phosphorylation of commercial nucleoside 3'-monophosphates using 7-^^P -ATP and T4 
polynucleotide kinase (data not shown), 

20 

1.2» Results and Discussion 

1,2.1. Length Requirements for Processing of dsRNA to 21 and 22 nt RNA 
Fragments 

Lysate prepared fromi), melanogaster syncytial embryos recapitulates RNAi in vitro 
25 providing a novel tool for biochemical analysis of the mechanism of RNAi (Tuschl et aL^ 
1999; Zamore et aL, 2000). In vitro and in vivo analysis of the length requirem^its of 
dsRNA for RNAi has revealed that short dsRNA (<150 bp) are less effective than longer 
dsRNAs in degrading target mENA (Caplen et aU 2000; Hammond et aL^ 2000; Ngo et ah, 
199S; Tuschl et aL^ 1999)- The reasons for reduction in mRNA degrading efficiency are not 
30 understood. We tlierefore examiiied the precise length requirement of dsRNA for target 

RNA degradation under optimiz^ conditions in the Drosophila lysate (Zamore et al^ 2000)* 
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Several series of dsRNAs were synthesized and directed against firefly luciferase (Pp-luc) 
reporter KNA. The specific suppression of target KNA expression was monitored by the 
dual luciferase assay (Tuschl et al^ 1999) (FlGs. lA and IB). We detected specific 
inhibition of target KNA caqpression for dsRNAs as short as 38 bp, but dsBGSFAs of 29 to 36 
bp were not effective in this prodess. The effect was independonit of the target position and. 
the degree of inhibition of Pp-luo noKNA expression correlated with the length of the 
dsRNA, i.e., long dsRNAs were more effective than short dsRNAs. 

It has been suggested that the 21-23 nt KNA fragments generated by processing of 
dsRNAs are the mediators of ENA interference and co-suppression (Hamilton and 
Baulcombe, 1999; Hammond et al., 2000; Zamore et al, 2000). We therefore analyzed the 
rate of 21-23 xA fragment formation for a subset of dsRNAs ranging in size between 501 to 29 
bp. Formation of 21-23 nt fragments in Drosophila lysate (FIG. 2) was readily detectable for 
39 to 501 bp long dsRNAs but was significantly delayed for the 29 bp dsRNA This 
observation is consistent with a role of 21-23 nt fragments in guiding mRNA cleavage and 
provides an e3q>lanation for the 1^ of KNAi by 30 bp dsRNAs. The length dependence of 
21-23 mer formation is likely to reflect a biologically relevant control mechamsra to prevent 
ttie undesircd activation of RNAi by short intramolecular base-paired structures of regular 
cellular RNAs. 

1.2-2. 39 bp dsRNA Mediates Target RNA Cleav^e at a Single Site 

Addition of dsRNA and 5'-capped target RNA to the Drosophila lysate results in 
sequence-specific degradation of'the target RNA (Tuschl et al, 1999). The target mRNA is 
only cleaved within the region of identity with the dsRNA and many of the target cleavage 

1 

sites were separated by 21-23 nt (Zamore et aL, 2000). Thus, the number of cleavage sites 
for a given dsRNA was expected, to roughly coixespond to the length of the dsRNA divided 
by 21 . We mapped the target cleavage sites on a sense and an antisense target RNA which 
was 5' radiolabeled at the cap (Zamore et al, 2000) (FIG.s 3A and 3B). Stable 5 'cleavage 
products were separated on a sequencing gel and Uie position of cleavage was deteximned by 
comparison with a partial RNase TI and an alkaline hydrolysis ladder from the target RNA. 

Consistent with the previous observatioix (Zamore et aL^, 2000), all target RNA 
cleavage sites were located within the region of identity to the dsRNA, The sense or the 
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anliseiise target was only cleaved once by 39 bp dsRNA. Each cleavage site was located 1 0 
nt from the 5'end of the region covered by the dsRNA (FIG. 3B). The 52 bp dsKNA, which 
shares the same 5' end with the 39'bp dsRNA,, produces the same cleavage site on the sense 
target, located 10 nt firom the 5' end of the region of identity with, the dsRNA^ in addition to 
6 two weaker cleavage sites 23 and 24 nt downstream of the first site. The antisense target was 
only cleaved once, again 10 nt from the 5' end of the region covered by its respective dsRNA. 
Mapping of the cleavage sites for the 38 to 49 bp dsKNAs shown in FIG. 1 showed that the 
first and predominant cleavage site was always located 7 to 10 nt downstream of the region 
covered by the dsRNA (data not shown)- This suggests that the point of target RNA 

1 0 cleavage is determined by the endjof the dsRNA and conld imply that processing to 21-23 
mers starts from the ends of the duplex. 

Cleavage sites on sense and antisense target for the longer 1 1 1 bp dsRNA were much 
more frequent than anticipated and most of them appear in clusters separated by 20 to 23 nt 
(FIG.S 3A and 3B)- As for the shorter dsRNAs, the first cleavage site on the sense target is 

15 1 0 nt &om the 5' end of the region spanned by the dsRNA, and the first cleavage site on the 
antisense target is located 9 nt from the 5' end of the region covered by the dsRNA. It is 
unclear what causes this disordered cleavage, but one possibility could be that longer 
dsBNAs may not only get processed fix>ro the ends but also intcanally, or there are some 
specificity determinants for dsRNA processing which we do not yet understand. Some 

20 irregularities to the 21-23 nt spacing were also previously noted (Zamore et ai, 2O00). To 
better understand the molecular basis of dsKJSIA processing and target KNTA recognition, we 
decided to analyze the sequences of the 21-23 nt fragments generated by processing of 39, 52, 
and 1 1 1 bp dsRNAs in the Drosophila lysate. 

25 1.23 dsRNA is Processed to 21 and 22 nt RNAs by an RNase Hi-Like 

Mechanism 

In order to characterize the 21-23 nt RNA fragments^ we exaniined the 5' and 3* 
termini of the KNA fragments. Periodate oxidation of gel-purified 21-23 nt RNAs followed 
by jS-elimination indicated the presence of a tetmmal 2' and 3' hydroxyl groups. The 21-23 
30 mers were also responsive to alkaline phosphatase treatment indicating the presence of a 5' 
terminal phosphate group. The presence of 5' phosphate and 3' hydroxyl termini suggests 
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that the dsRNA could be processed by an enzymatic activity similar to E. coli RNase IH (for 
roviffws, see Dmin, 1982; Nicho&on, 1999; Robertson, 1990; Robertson, 19S2). 

Directional cloning of 21-23 nt RNA fragments was performed by ligation of a 3' and 
5* adapter oligonucleotide to thepnrified 21-23 mers using T4 KNA ligasa The ligation 
products were reverse transcribe<i^ PCR-amplifiedj concatamerized, cloned, and sequenced. 
Over 220 short RNAs were sequenced jSrom dsRNA processing reactions of the 39» 52 and 
1 1 1 bp dsRNAs (FIG. 4A). We found the foUowing length distribution: 1% 18 nt, 5% 19 nt, 
12% 20 nt, 45% 21 nt, 28% 22 nt, 6% 23 nt, and 2% 24 nt Sequence analysis of the 5' 
tenninal nucleotide of the processed fragments indicated that oligonucleotides with a 5' 
guanosine were underrepresented- This bias was most likely introduced by T4 RNA ligase 
which discriminates against 5' phosphorylated guanosine as donor oligonucleotide; no 
significant sequence bias was seen at the 3* end. Many of the --21 nt firagments derived from 
the 3' ends of the sense or antisense strand of the duplexes include 3' nucleotides that are 
derived firom untemplated addition of nucleotides during RNA synthesis using T7 RNA 
polymerase. Interestingly^, a significant nmnber of endogenous Drosophila -21 nt RNAs 
were also cloned, some of them fi*om LTR and non-LTR retrctransposons (data not shown). 
This is consistent with a possible role for RNAi in transposon silencing. 

The -21 nt RNAs appear in clustered groups (FIG. 4A) which cover the entire 
dsRNA sequences- Apparently, the processing reaction cut$ the dsRNA by leaving staggered 
3' ends, another characteristic of RNase III cleavage. For the 39 bp dsRNA, two clusters of 
-21 nt RNAs were found from each dsRNA-constituting strand including overhanging 3' 
ends, yet only one cleavage site .was detected on the sense and antisense target (FIG.s 3 A and 
3B), If the --2 1 nt fragments were present as single-stranded guide RNAs in a complex that 
mediates niRNA degradation, it could be assumed that at least two target cleavage sites exist 
but this was not the case. This suggests that the -21 nt RNAs may be present in double 
stranded form in the endonuclease complex but that only one of the strands can be used for 
target RNA recognition and cleavage. The use of only one of the -21 nt strands for target 
cleavage may simply be determined by the orientation in which the ~21 nt duplex; is bound to 
the nuclease complex. This orientation is defined by the direction in which the original 
dsRNA was processed. 
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The --2 1 mer clusters for the 52 bp and 1 1 1 bp dsKNTA are less well defined when 
compared to the 39 bp dsRNA. The clusters are spread over regions of 25 to 30 nt most 
lifcely represeaoLting several distmot subpopulations of '-21 nt duplexes and therefore guiding 
target cleavage at several nearby ^Ites. These cleavage regions are still predominantly 

5 sqparated by 20 to 23 nt intervals. The rules determining how regular dsRNA can be 

processed to ^-21 nt fiagtnents are not yet understood, but it was previously observed that the 
approx- 21 -'23 nt spacing of cleavage sites could be altered by a nra of uridines (Zamore et 
aL^ 2000). The specificity of dsRNA cleavage by E. coli RNase HI appears to be mainly 
controlled by antideteimiuants, i.e., excluding some specific base-pairs at given positions 

10 relative to tlie cleavage site (Zhang and Nicholson, 1997). 

To test whether sugar-> base- or cap-modification were present in processed -21 nt 
KNTA fragments^ we iacubated radiolabeled 505 bp Pp-luc dsRNA in lysate for 1 h;, isolated 
the -21 nt products, and digested it with PI or T2 nuclease to mononucleotides. The 
nucleotide mixture was then analysed by 2D thin-layer chromatography (FIG. 4B), None of 

16 the four natural ribonucleotides were modified a$ indicated by Pi or T2 digestion. Wc have 
previously analyzed adenosine to inosine conversion in the -'2 1 nt iragments (after a 2 h 
incubation) and detected a small extent (<0.7%) deamination (Zamore et al.> 2000); shorter 
incubation in lysate (1 h) reduced'this inosine fraction to barely detectable levels. RNTase T2, 
which cleaves 3' of the phosphodlester linkage, produced nucleoside 3*-pho$phate and 

20 nucleoside 3'j, 5 -diphosphate^ thereby indicating the presence of a 5'-tenniual 

monophosphate. All four nucleoside 3', 5'-diphosphates were detected and suggest that the 
rutemucleotidic linkage was cleaved with little or no sequence-specificity. In summary, the 
-21 nt fl*agments are unmodified and were generated fi-om dsRNA such tiiat 5 - 
monophosphates and 3 -hydroxyls were present at the S'-end. 

25 

1,2.4 Synthetic 21 and 22 «t RNAs Mediate Target RNA Cleavage 

Analysis of the products of dsRNA processing indicated that the --21 nt fragments are 
generated by a reaction with all the characteristics of an KNase m cleavage reaction (Duim, 
1982; Nicholson, 1999; Robertson, 1990; Robertson, 1982). RNase in makes two staggered 
30 cuts in both strands of the dsRNA, leaving a 3' overhang of about 2 nt We chemically 
synthesized 21 and 22 nt RNAs, identical in sequence to some of the cloned -21 nt 
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fragments, and tested fhem for their ability to mediate target RNA degradation (FIG.s 5A and 
53). The 21 and 22 nt RNA dupllexes were incubated at 100 nM concentrations in the ]ysate^ 
a 10-fold higher concentration than the 52 bp control dsRNA. Under these conditions, target 
RNA cleavage is readily detectable. Reducing the concentration of 21 and 22 nt duplexes 
5 from 100 to 10 xjM does still cause target RNA cleavage. Increasing the duplex 

concentration from 100 nM to 1000 nM however does not further increase target cleavage, 
probably due to a limitmg protein factor within the lysate. 

In contrast to 29 or 30 bp dsKNAs that did not mediate RNAi, the 21 and 22 nt 
dsRNAs with overhanging 3' ends of 2 to 4 nt mediated efficient degradation of target RNA 

10 (duplexes 1, 3, 4, 6, FIG.s 5A and 5B), Blunt-ended 21 or 22 nt dsENAs (duplexes 2, 5, and 
7^ FIG-S 5 A and 5B) were reduced in fheir ability to degrade the target and indicate that 
overhanging 3* ends are critical for reconstitution of iix& RNA-protein nuclease complex. The 
single-stranded overhangs may be required for high aiBnity binding of the --21 nt duplex to 
the protein components. A 5' teiminal phosphate, although present after dsRNA processing, 

15 was not required to mediate target RNA cleavage and was absent from the short synthetic 
KNAs. 

The synthetic 21 and 22 nt duplexes guided cleavage of sense as well as antisense 
targets within the region covered by the short duplex. This is an important result considering 
that a 39 bp dsRNA, which fomis two pairs of clusters of -21 nt fragments (Fig. 2), cleaved 

20 sense or antisense targets only once and not twice. We interpret this result by suggesting that 
only one of two strands present in the -21 nt duplex is able to guide target RNA cleavage and 
that the orientation of the '-21 nt duplex in the nuclease complex is determined by the initial 
direction of dsKNA processing. The presentation of an already perfectly processed -21 nt 
duplex to the in vitro system however does allow formation of the active sequence specific 

25 nuclease complex with two possible orientations of tibie symmetric RNA duplex. This results 
in cleavage of sense as weU as antisense target within the region of identity with the 21 nt 
RNA duplex- 

The target cleavage site is located 1 1 or 12 nt downstream of the first nucleotide that 
is complementary to the 21 or 22 nt guide sequence, Le,, the cleavage site is near the center 
30 of the region covered by the 21 or 22 nt RNAs (FIG.s 4A and 4B). Displacing the sense 

strand of a 22 nt duplex by two nucleotides (compare duplexes 1 and 3 in FIG- 5 A) displaced 
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the cleavage site of oinly the antisense target by two nucleotides. Displacing both sense and 
antisense strands by two nucleotides shifted both cleavage sites by two nucleotides (compare 
duplexes 1 and 4). It should be possible to design a pair of 21 or 22 nt KMAs to cleave a 
target RNA at almost any given posMon- 

The specificity of target RNA cleavage guided by 21 and 22 nt RNAs appears 
exquisite as no abeirant cleavage sites are detected (Fig. 5B). It should however be noted, 
that the nucleotides present in the 3' overhang of the 21 and 22 nt KNA duplex may 
contribute less to substrate recognition than the nucleotides near the cleavage site. This is 
based on the observation that the 3' most nucleotide in the 3' overhang of the active duplexes 
1 or 3 (FIG, 5A) is not complementary to the target. A detailed analysis of the specificity of 
KNAi can now be readily undertaken using synthetic 21 and 22 nt RNAs. 

Based on the evidence that synthetic 21 and 22 nt RNAs with overhanging 3* ends 
mediate RNA interference, we propose to name the -21 nt RNAs "short interfering RNAs" or 
siRNAs and the respective KNA-plrotein complex a "small interfering ribonucleoproteiu 
particle," or siRNP. 

1.2.5. 3^ Overhangs of 20 nt on short dsRNAs inhibit RNAx 

We have shown that short blunt-ended dsRNAs appear to be processed fi"om the ends 
of the dsRNA. During our study of the length dependence of dsRNA in RNAi, we have also 
analyzed dsRNA with 17 to 20 nt overhanging 3' ends and found to our surprise that they 
were less potent than blunt-ended dsRNAs. The inhibitoxy effect of long 3' ends was 
particularly pronounced for dsRNAs up to 100 bp but was less dramatic for longer dsRNAs, 
The effect was not due to imperfect dsRNA formation based on native gel analysis (data not 
shown). We tested if the inhibitory effect of long overhanging 3' ends could be used as a tool 
to direct dsRNA processing to only one of the two ends of a short RNA duplex. 

We synthesized four combinations of the 52 bp model dsRN Aj, blunt-eaded, 3' 
extension on only the sense strand; 3 -extension on only the antisense strand, and double 3' 
extension on both strands, and mapped the target RNA cleavage sites after incubation in 
lysate (FIG,s 6A and 6B). The first and predominant cleavage site of fee sense target was 
lost when the 3' end of the antisense strand of the duplex was extendedj^ and vice versa, the 
strong cleavage site of the antisense target was lost when the 3' end of sense strand of the 
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duplex was extended. 3' Extensions on both strands rendered the 52 bp dsRNA virtually 
inactive. One explanation for thb dsRNA inactivation by --20 nt 3' extensions could be the 
association of single-stranded liN A-binding proteins which could interfere with the 
association of one of the dsRNA-processing factors at this end. This result is also consistent 

6 with our model where only one of the strands of the siRMA duplex in the assembled siRNP is 
able to guide target RNA cleavage. The orientation of the strand that guides RNA cleavage 
is defined by the direction of the-dsRNA ptocessing reaction. It is likely that the presence of 
y staggered ends may facilitate the assembly of the processing complex. A block at the 3' 
end of the sense strand will only permit dsRNA processing from the opposing 3' end of the 

10 antisense strand. This in turn generates siRNP complexes in which only the antisense strand 
of the siRNA duplex is able to gudde sense target KNA cleavage. The same is tme for the 
reciprocal situation. 

The less pronounced inhibitory effect of long 3' extensions in the case of longer 
dsRNAs (500 bp, data not shown) suggests to us that long dsKNAs may also contain internal 
15 dsRNA-processing signals or may get processed cooperatively due to the association of 
multiple cleavage factors. 

1.2.6- AModelfordsRNA-ftirectedinKNACIeava 

The new biochemical data update the model for how dsRNA targets mRNA for 
20 destruction (FIG. 7). Double stranded RNA is first processed to short RNA duplexes of 

predominantly 21 and 22 nt in length and with staggered 3' ends similar to an RNase III- like 
reaction (Duiui, 1982.; Nicholson^ 1999; Robertson, 1982). Based on the 21-23 nt length of 
the processed RNA fragments it has already been speculated that an RNAse Hi-like activity 
maybe involved in RNAi (Bass, 2000), This hypothesis is ftirther supported by the presence 
25 of 5' phosphates and 3' hydroxyls termini at the termini of the siRNAs as observed in RNAse 
HI reaction products (Dunn, 1982^ Nicholson, 1999). Bacterial RNAse m and the eukaryotic 
homologs Rntlp in cerevisiae and Paclp in S, pombe have been shown to fbnction in 
processing of ribosomal RNA as well as snKNA and snoRNAs (see for example Chanfreau et 
aL, 2000). 

30 Little is known about the biochemistry of RNase HI homologs from plants, or 

animals, including humans. Two families of RNase HI enzymes have been identified 
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predorainantly by database-giiide'd sequence analysis or cloning of cDNAs. The first KNase 
m family is represented by the 1327 amino acid longX), melanogaster protein drosha (Acc. 
AFl 1 6572), The C-terminus is composed of two KNase m and one dsRNA-binding domain 
and the N-tCTminus is of unknown function. Close homologs are also found in C elegans 
(Acc. AF160248) and human (Aoc. AF1S901 1) (Filippov et al, 2000; Wu et aL, 2000), The 
drosha-like human RNase DI was recently cloned and characterized (Wu et aL^ 2000)* The 
gene is ubiquitously expressed in human tissues and cell lines, and the protein is localized in 
the nucleus and the nucleolus of the celL Based on results infOTed from antisense inhibition 
studies^ a role of this protein for rRNA processing was suggested. The second class is 
represented by the C elegans gene K12H4,S (Acc. S44849) coding for a 1822 amino acid 
long protein- This protein has anOS[-tenninal RNA helicase motif which is followed by 2 
RNase HI catalytic domains and a dsRNA-binding motif, similar to the drosha RNAse III 
feanily. There are close homologs in S. pombe (Acc, Q09884)j A. thaliana (Acc, AF187317)j 
D. melanogaster (Acc, AE003740), and human (Acc. AB02S449) (Filippov et al, 2000; 
Jacobsen et al, 1999; Matsuda et al, 2000). Possibly the K12H4.8 RNase mThelicase is the 
likely candidate to be involved in-RNAi. 

Genetic screens in C elegans identified rde-l and rde-4 as esseaatial for activation of 
RNAi without an effect on transposon mobilization or co-suppression (Demburg et aL^ 2000; 
Gxishok et aL, 2000; Ketting and Plasterk, 2000; Tabara et aL, 1999). This led to the 
hypothesis that these genes are irnportant for dsRNA processing but are not involved in 
mRNA target degradation. The function of both genes is as yet unknown, the rde-1 gene 
product is a member of a family of proteins similar to the rabbit protein elF2C (Tabara et aL, 
1999), and the sequence of rde-4 has not yet been described. Future biochemical 
characterization of these proteins should reveal their molecular function. 

Processing of the siRNA duplexes appears to start from the ends of both blunt-ended 
dsRNAs or dsRNAs with short (1-5 nt) 3* overhangs, and proceeds in approximately 21-23 nt 
steps. Long (-20 nt) 3^ staggered ends on short dsRNAs suppress RNAi, possibly through 
interaction with single-stranded RNA-binding proteins. The suppression of RNAi by single- 
stranded regions flanking shoxt dsRNA and the lack of siRNA formation from short 30 bp 
dsRNAs may explain why structured regions frequently encountered in mRNAs do not lead 
to activation of RNAi. 
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Without wishing to be bound by theory^ we presume that the dsRNA-processing 
proteins or a subset of these remain associated with the siKNA duplex after the processing 
reaction. The orientation of the siKNA duplex relative to these proteins determines which of 
the two complementary strands functions in guiding target RNA degradation- Chemically 

5 synthesized siENA duplexes guide cleavage of sense as well as antisense target RNA as they 
are able to associate with the protein components in either of the two possible orientation* 

The remarkable finding that synthetic 21 and 22 nt siKNA duplexes can be used for 
efficient mRNA degradation provides new tools for sequence-specific regulation of gene 
expression in functional genomics as well as biomedical studies. The siRNAs maybe 

10 effective in mammalian systems where long dsRNAs cannot be used due to the activation of 
the PKR response (Clemens, 1997). As such, the siRNA duplexes represent a new 
altemative to antisense or ribozyme therapeutics. 

Example 2. RNA Interference in Human Tissue Cultures 
15 2.1. Methods 

2.1.1. RNA preparation 

21 nt KNAs were chemically synthesized using Expedite RNA phosphoramidites and 
thymidine phosphoramidite (ProligOe, Gemiany). Synlhetic oligonucleotides were 
deprotected and gel-purified (Example 1)^ followed by Sep-Pak CIS cartridge (Waters, 

20 Milford, MA, USA) purification (Tuschl, 1993). The siRNA sequences targeting GL2 (Acc. 
X65324) and GL3 luciferase (Acc- U47296) corresponded to the coding regions 153-173 
relative to the first nucleotide of the start codon; siRNAs targeting RL (Acc, AF025846) 
corresponded to region 1 19-129 after tlie start codon- Longer KNAs were transcribed with 
T7 RNA polymerase firom PGR products, followed by gel aad Sep-Pak purification- The 49 

25 and 484 bp GL2 or GL3 dsRNAs corresponded to position 113-161 and 1 13-596, 

respectively^ relative to the start of translation; the 50 and 501 bp RJL dsRNAs corresponded 
to positions 1 1 8-167 and 1 1 8-61i8;, respectively, PCR templates for dsRNA synthesis 
targeting humanized GFP (hG) were amplified firom pAD3 (Kehlenbach, 1998);, whereby 50 
and 501 bp hG dsRNA corresptfuded to position 1 18-167 and 1 18-618, respectively, to the 

30 start codon. 
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For annealing of siRNAs, 20 /xM single strands were incubated in annealing buffer 
(1 00 mM potassinm acetate, 30 toM HBPES-KOH at pH 7.4, 2 xaM magnesium acetate) for 
1 min at 90*'C followed by 1 h at ST^'C. The 37''C incubation step was extended overnight 
for the 50 and 500 bp dsKNfAs and these annealing reactions were performed at 8.4 /iM and 
0.84 j«M strand concentrations, respectively. 

2.1.2, Cell Culture 

S2 cells were propagated in Schneider's Drosophila medium (Life 
Technologies) supplemented with 10% FBS, 100 units/ml penicillin and 100 /ig/ml 
streptomycin at 25^C. 293, ]SfIH/3T3, HeLa S3, and COS~7 ceils were grown at 37''C in 
Dulbecco 's modified Eagle's medium supplemented with 10% FBS, 100 units/ml penicillin 
and 100 figfml streptomycin. Cells were regularly passaged to maintain exponential growth 
24 h before transfection at approx, 80% confluency, mammalian cells were trypsinized and 
diluted 1 :5 with fresh medium without antibiotics (1-3 x 105 cells/ml) and transferred to 24- 
well plates (500 ^I/well). S2 cells ware not trypsinized before splitting. Transfection was 
carried out with Lipofectamine 20t)0 reagent (Life Technologies)as descaibed by the 
manufacturer for adherent cell lines. Per well, 1.0 /ig pGL2-Control (Promega) orpGL3- 
Control (Promega), 0,1 iig pRL-TK (Promega) and 0.28 pig siRNA duplex or dsBNA, 
formulated into liposomes^ were applied; the final volume was 600 (il per well. Cells were 
incubated 20 h after transfection and appeared healthy thereafter, Luciferase expression was 
subsequently monitored with the Dual luciferase assay (Promega). Transfection efficiencies 
were determined by fluorescence microscopy for mannualian cell lines after co-transfection 
of IJ i^g hGFP-encoding pAB3 and 0.28 pg invGL2 inGL2 siRNA and were 70-90%. 
Reporter plasmids were amplified in XL-1 Blue (Stratagene) and purified using the Qiagen 
EndoFree Maxi Plasmid Kit. 

2*2. Results and Discussion 

To test whether siRNAs are ^o enable of mediating RNAi in tissue culture, we 
synthesized 21 nt siRNA duplexes with symmetric 2 nt 3* overhangs directed agaiiast reporter 
genes coding for sea pansy Qtenilla reniformis)mA two sequence variants of firefly {Photinus 
pyralis^ GL2 and GL3) luciferases; (Fig. Sa, b). The siRNA duplexes were co-transfected 

51 



wo 03/099298 



PCT/EP03/05513 



with the reporter plasmid combtoations pGL2/pRL or pGL3/pRL into D. melanogaster 
Schneider (S2) cells or mammalian cells using cationic liposomes. Luciferase activities were 
detemiined 20 h after transfectioij. Jsx all cell lilies tested, we observed specific reduction of 
tlie expression of the reporter genes in the presence of cognate siRNA duplexes (Fig. Pa-j). 
Remarkably^ the absolute lucifer^e expression levels were unaffected by non-cognate 
siRNAs^ indicating the absence of hararful side effects by 21 nt RNA duplexes {e,g,^ Fig. 
lOa-d for HeLa cells), InZ), metunogaster S2 cells (Fig. 9a, b), the specific inhibition of 
luciferases was complete. In mammalian cells, where lie reporter genes were 50- to 100-fold 
more strongly expressed, the specific suppression was less complete (Fig. 9c-]). QUI 
expression was reduced 3- to 12-fold, GL3 expression 9- to 25-fold and RL expression 1- to 
3-fold, in response to the cognate siKNAs. For 293 cells, targeting of RL luciferase by RL 
siKNlAs was ineffective, although GL2 and GL3 targets responded specifically (Fig. 9i, j). 
The lack of reduction of RL expression in 293 cells may be due to its 5-to 20-fold higher 
expression compared to any other mammalian cell line tested and/or to limited accessibility 
of the target sequence due to RNSA. secondary structore or associated proteins. Nevertheless, 
specific targeting of GL2 and GL3 luciferase by the cogaate siRNA duplexes indicated that 
RNAi is also ftmctioning in 293 cells. 

The 2 nt 3' overhang in all siRNA duplexes, except for uGL2, was composed of (2' 
deoxy) thymidine- Substitution of uridine by thymidine in the 3' overhang was well tolerated 
in the D. melanogaster in vitro system and the sequence of the overhang was not critical for 
target recognition. The thymidine overhang was chosen, because it is supposed to enhance 
nuclease resistance of siRNAs in the tissue culture medium and within transfected cells. 
Indeed, the fhynudine-modified GL2 siRNA was slightly more potent than the unmodified 
uGL2 siRNA in all cell lines tested (Fig. 9a, c, e, g, i). It is conceivable that finfher 
modifications of the 3' ovedianging nucleotides may provide additional benefits to the 
delivery and stability of siRNA duplexes. 

In co-transfection experiments, 25 nM siRNA duplexes with respect to the final 
volume of tissue culture medium were used (Fig- 9, 10). Increasing the siRNA concentration 
to 1 00 nM did not enhance the specific sllencmg effect but started to afifect transfection 
efficiencies due to competition for liposome encapsulation between plasmid DNA and 
siRNA (data not shown)- Decreasing the siRNA concentration to 1 .5 nM did not reduce the 
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Specific silencing effect (data not shown), even though the siRNAs were now only 2- to 20- 
fold more concentrated than the DNA plasmids. This indicates that siRNAs are 
extcaordinarily powerful reagents for mediating gene silencing and that siRNAs are effective 
at concentrations several orders of magnitude below the concentrations applied in 
conventional antisense or riboayme gene targeting experiments. 

In order to monitor the effect of longer dsRJSTAs on mammaliaa cells, 50 and 500 bp 
dsRNAs cognate to the reporter ge^es were prepared. As non-specific control, dsKNAs from 
hnmaoized GFP (hG)(Kelilenbach^ 1998) was used. When dsRNAs were co-transfected in 
identical amounts (not concentr^ons) to the siRNA duplexes^ the reporter gene expression 
was strongly and unspecifically reduced- This effect is illusti'ated for HeLa cells a$ a 
repres«itative example (Fig. 10a:-d)- The absolute luciferase activities were decreased 
unspecifically 10- to 20-fold by 50 bp dsRNA and 20- to 200-fold by 500 bp dsRNA co- 
transfection, respectively. Similar xinspecific effects were observed for COS-7 and MH/3T3 
cells. For 293 cells^ a 10- to 20-fold unspecific reduction was observed only for 500 bp 
dsRNAs. Unspecific reduction in reporter gene expression by dsRNA >30 bp was expected 
as part of the interferon response. 

Sioprisingly, despite the strong unspecific decrease in reporter gene expipession, we 
reproducibly detected additional sequence-specific^ dsRNA-mediated silencing. The specific 
silencing effects, however, were only apparent when the relative reporter gene activities were 
nonnalized to the hG dsRNA controls (Fig. lOe, f). A 2- to 10-fold specific reduction in 
response to cognate dsRNA was observed^, also in the other three mammalian cell lines tested 
(data not shown). Specific silencing effects with dsKNAs (356-1 662 bp) were previously 
reported in CHO-Kl cells, but the amounts of dsRNA required to detect a 2-to 4-fold specific 
reduction were about 20-fi>ld hi^er than in our experiments (CJi-Tei, 2000). Also, CHO-K3 
cells appear to be deficient in the interferon response. In another report, 293, NIH/STS and 
BHK-21 cells were tested for RNAi using luciferase/IacZ rqjorter combinations and 829 bp 
specific lacZ or 71 7 bp unspecific GFP dsRNA (Caplen, 2000). The failure of detecting 
KNAi in this case may be due to tibe less sensitive luciferase/lacZ reporter assay and the 
length differences of target and control dsRNA. Taken together, our results indicate that 
KNAi is active in mammalian cells, but that the silaicing effect is difficult to detect if the 
interferon system is activated hy dsRNA >30 bp. 
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In suimnaiys we have demonstrated for the first time siRNA-mediated gene silencing 
in mammalian cells. The use of short siRNAs holds great promise for inactivation of gene 
function in human tissue coilture iand the development of gene-specific therapeutics. 

Example 3i. Specific Inhibition of Gene Expression by RNA Interference 

3.1. Materials and Methods 

3.1.1. RNA preparation and RNAi assay 

Chemical RNA syntiiesis^ annealing, and luciferase-based RNAi assays were 
performed as described in Examples 1 or 2^ or in previous publications (Tuschl et aL, 1999; 
Zamore et aL, 2000). All siRNA duplexes were directed against firefly laciferase, and the 
Inciferase mRNA sequence was derived firom pGEM-luc (GenBank acc. X65316) as 
described (Tuschl et aL, 1999). The siRNA duplexes were incubated in melanogaster 
RNAi/translation reaction for 15 man prior to addition of mRNAs. Translation-based RlsTAi 
assays were performed at least id triplicates. 

For mapping of sense target RNA cleavagCj^ a 177*nt transcript was generated, 
corresponding to the fiurefly luciferase sequence between positions 1 13-273 relative to the 
start codon^ followed by the 17-nt complement of the SP6 promoter sequence. For mapping 
of antisense target RNA cleavagCj a 166-nt transcript was produced from a template^ which 
was amplified from plasmid sequence by PCR using 5' prinier 

TAATACGACTCACTATAGAG CCCATATCGTTTCATA (T7, promoter underlined) and 
3' primer AGAGGATGGAACCGCTGG. The target sequence corresponds to the 
complement of the firefly luciferase sequence between positions 50-215 relative to the start 
codon* Guanylyl transferase labelling was performed as previously described (Zamore et aL^ 
2000). For mapping of target RNA cleavage,. 100 nM siRNA duplex was incubated witht 5 to 
10 nM target RNA in D. melanogaster embryo lysate rader standard conditions (Zamore et 
aU 2000) for 2 h at 25''C. The re,action was stopped by the addition of 8 volumes of 
proteinase Kbufibr (200 mM TriS-HCl pH 7.5, 25 mM EDTA, 300 mM NaCl, 2% w/v 
sodium dodecyl sulfate). Proteinase K (E.M, Merck, dissolved in water) was added to a final 
concentration of 0.6 mg/ml. The reactions were then incubated for 15 min at 65*^0, extracted 
witli ph^ol/chlorofoTm/isoamyl idcohol (25:24:1) and precipitated with 3 volumes of 
ethanol. Samples were located on 6% sequencing gels. Length standards were generated by 
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partial KNase Tl digestion and partial base hydrolysis of the cap labeled sense or antisense 
target RNAs. 

3.2* Results 

5 3.2.1- Variation of the 3' orerhang in duplexes of 21w|tt siUNAs 

As described above, 2 or 3 impaired nucleotides at the 3' end of siRNA duplexes were 
more effici<ait in target RNA degradation than the respective blunt-ended duplexes. To 
perform a more comprehensive analysis of the function of the tenninal nucleotides^ we 
synthesized five 21-nt sense siKMASj, each displayed by one nucleotide relative to the target 

10 RNA, and ei^t 21-nt antisense siRNAs, each displaced by one nucleotide relative to the 
target (FIG. IIA). By combining sense and antisense siRNAs, eight series of siRNA 
duplexes with synthetic overhanging ends were generated covering a range of 7-nt 3* 
overhang to 4-nt S'overhang* The interference of siRNA duplexes was measured using the 
dual luciferase assay system (Tuschl et aL^ 1999; Zamore et aU 2000), siKNA duplexes 

1 5 were directed against firefly luciferase mKNA, and sea pansy luciferase mKNA was used as 
an internal controL The luminescence ratio of target to control luciferase activity was 
determined in the presence of siKNA duplex and was normalized to the ratio observed in the 
absence of dsRNA. For comparisoii, the interference ratios of long dsRNAs (39 to 504 bp) 
are shown in FIG. IIB. The inteiference ratios were detemiined at concentrations of 5 nM 

20 for long dsRNAs (FIG. IIA) and at 100 nM for siRNA duplexes (FIG- 1 1 C-J), The 100 nM 
concentrations of siRNAs was chosen, because complete processing of 5 nM 504 bp dsRNA 
would result in 120 nM total siRjCiJA duplexes. 

The ability of 21~nt siRNA duplexes to mediate RNAi is dependent on the number of 
overhanging nucleotides or base pairs formed. Duplexes with four to six 3' overhanging 

25 nucleotides were unable to mediate RNAi (FIG* 1 1 C-F), as were duplexes with two or more 
5' overhanging nucleotides (FIG. IIG-J). The duplexes with2-nt 3' overhangs were roost 
efficient in mediating RNA interference, though the efiSciency of silencing was also 
sequence-dependent, and up to 12-fold differences were observed for different siRNA 
duplexes with 2-nt y overhangs (compare FIG, 1 ID-H), Duplexes with blunted ends, 1-nt 5' 

30 overhang or I- to S^-nt 3' overhangs were sometimes functional. The small silencing effect 

observed for the siRNA duplex with 7-nt 3' overhang (FIG- 1 IC) xnay be due to an antisense 
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effect of tbe long 3' overhaag rather ihm due to RNAi. Comparison of the efficiency of 
RNAi between long dsRNAs (Fig. 1 IB) and the most effective 21-nt siKNA duplexes (Fig. 
1 lEj» and H) indicates that a single siKNA duplex at 100 nM concentration can be as 
effective as 5 nM 504 bp dsRNA. 

3>2«2. Length variation of the sense siRNA paired to an invariant 21-nt antisense 
siRNA 

In order to investigate the 'effect of length of siRNA on RNAi, we prepared three 
series of siRNA duplexes, combining three 21-nt antisense strands with eight, IS-to 25-nt 
sense strands. The 3* overhang of tlie antisense siRNA was fixed to 1 > 2j or 3 nt in each 
siRNA duplex series, while the sense siElNA wag varied at its 3' end (FIG, 12A). 
Independent of the length of the sense siRNA, we found that duplexes with 2-nt 3'overhang 
of antisense siRNA (FIG* 12C) were more active than those with 1- or 3-nt 3' overfiang (FIG. 
12 B, D). In the first series^ with 1-nt 3' overhang of antisense siRNA, duplies with a 21- 
and 22-nt sense siRNAs, cairying.a 1- and 2-nt 3' overhang of sense siRNA^ respectively, 
were most active. Duplexes with 19- to 25-nt sense siKNAs were also able to mediate RNAj» 
but to a lesser extent. Similarly, in the second series, with 2-nt overhang of antisense siRNA, 
the 21-nt siRNA duplex with 2-nt 3' overhang was most active, and any other combination 
with the IS- to 25-nt sense siElNAs was active to a significant degree. In the last series, with 
3-nt antisense siRNA 3' overhang^' only the duplex with a 20-nt sense siRNA and the 2-nt 
sense 3* overhang was able to reduce target RNA expression. Together, these results indicate 
that the length of the siRNA as wdU as the length of the 3* overhang are important, and that 
duplexes of 21-nt siRNAs with 2-nt 3' overhang are optimal for RNAi. 

3«2.3 Length variation of siRNA duplexes with a constant 2-nt 3* overhang 

We next examined the effect of simultaneously changing the length of both siRNA 
strands by maintaining symmetric 2-nt 3' ovwhangs (FIG.13A)* Two series of siRNA 
duplexes were prepared including the 21-nt siRNA duplex of FIG* 1 IH as reference- The 
length of the duplexes was varied between 20 to 25 bp by ext^ding the base-paired segment 
at the 3' end of the sense siRNA (EIG. 13B) or at the 3' end of the antisense siRNA (FIG. 
13C). Duplexes of 20 to 23 bp caused specific repression of target luciferase activity, but the 
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21-nt siRNA duplex was at least 8-fold more efficient than any of the other duplexes, 24-aQd 
25-nt siKNA duplexes did not result in any detectable inteifer^ce. Sequence-specific effects 
were minor as variations on both ends of the duplex produced similar effects. 

5 2*-Deoxy and 2^d-methyl-modi]nied siRNA duplexes 

To assess the importance of the siKNA ribose residues for RNAi duplexes with 21-nt 
siRNAs and 2-nt 3'ovediaags with 2' deoxy- or 2'-0-metIiyl-modiBed strands were eatamined 
(FIG. 14). Substitution of 2-nt 3' overhangs by 2 -deoxy nucleotides had no effect^ and even 
the replacement of two additional'ribonncleotides adjacent to the overhangs in the paired 
10 region produced significantly active siRNAs. Thus, 8 out of 42 nt of an siKNA duplex were 
replaced by DNA residues without loss of activity. Complete substitution of one or both 
siRNA strands by 2'-deoxy residues, however; abolished RNAi, as did substitution by 2'-0- 
mettiylresidues. 

15 3.2«5. Definition of target RNA cleavage sites 

Target RNA cleavage positions were previously detennined for 22-nt siRNA 
duplexes and for a 21-nt/22-nt duplex- It was found that the position of the target RNA 
cleavage was located in the center of the region covered by the siRNA duplex, 11 or 12 nt 
downstream of the first nucleotide that was complementary to the 21-or 22'-nt siRNA guide 

20 sequence. Five distinct 21-nt siRNA duplexes with 2-nt 3' overhang (FIG, 15A) were 
incubated with 5* cap-labeled sense or antisense target RNA mD, melanogaster lysate 
(Tuschl et aL^ 1999; Zamore et aL), 2000). The 5' cleavage products were resolved on 
sequencing gels (FIG. 15B). The amount of sense target RNA cleaved correlates with the 
ejEficiency of siRNA duplexes detennined in the translation-based assay, and siRNA duplexes 

25 1, 2 and 4 (FIG. 15B and 1 1 H, GyE) cleave target RNA fester than duplexes 3 and 5 (FIG. 
15B and IIP, D), Notably, the sum of radioactivity of the 5' cleavage product and the input 
target RNA were not constant over timej and the 5' cleavage products did not accximulate. 
Presumably Ihe cleavage products, once released from the siRNA-endonuclease complex, 
are rapidly degraded due to the lack of either of the poly(A) tail or the 5 -cap. 

30 The cleavage sites for both' sense and antisense target RNAs were located in the 

middle of the region spanned by tKe siRNA duplexes. The cleavage sites for each target 
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produced by the five different duplexes varied by one nucleotide according to the 1-nt 
displacement of the duplexes along the target sequences. The targets were cleaved precisely 
1 1 nt downstream of the target position complementary to the 3'-most nucleotide of the 
sequence-complementary guide fliKNA (FIG. 15 B), 

In order to determine, whether the 5' or the 3' end of the guide siRNA sets the ruler 
for target RNA cleavage, we devised the experimental strategy outlined in FIG. 16A and B. 
A 21 -nt antisense siRKA, which was kept invariant for this study, was paired with sense 
siKNAs that were modified at either of their 5' or 3' ends. The position of sense and 
antisense target RNA cleavage was determined as described above. Changes in the 3' end of 
the sense siRNA, monitored for l-nt 5* overhang to 6-nt 3' overhang, did neither effect the 
position of sense nor antisense target RNA cleavage (FIG,16C). Changes in the 5' end of the 
sense siRNA did not affect the sense target RNA cleavage (FIG, 16D, top panel)^ which was 
expected because the antisense siRNA was unchanged. However,, the antisense target RNA 
cleavage was affected and strongly dependent on the 5' end of I2ie sense siKNA (FIG. 16D^ 
bottom panel). The antisense target was only cleaved, when the sense slEUSTA was 20 or 21 nt 
in size, and the position of cleavage different hy 1-nt, suggesting that the 5' end of the target- 
recognizing siRNA sets the ruler for target RNA cleavage. The position is located between 
nucleotide 10 and 11 when counting in upstream direction from the target nucleotide paired 
to the 5'-most nucleotide of the guide siRNA (see also FIG- 15A). 

3*2.6. Sequence effects and 2*-deoxy substitutions in the 3^ overhang 

A 2-nt 3' overhang is preferred for siRNA function. We wanted to know, if the 
sequence of the ovedian^g nucleotides contributes to target recognition, or if it is only a 
feature required for reconstitution,of the endonuclease complex (RISC or siRNP). We 
synthesized sense and antisense siRNAs with AA, CC, GG, UU, and UG 3' ovarhaxigs and 
included the 2'-deoxy modificatiofLS TdG and TT. The wild-type siKNAs contained AA in 
the sense 3' overhang and UG in the antisense 3' overhang (AA^G), All siRNA duplexes 
were fimctional in the interference assay and reduced target expression at least 5-fold (FIG* 
17). The most efficient siRNA duplexes that reduced target expression more than 10-fold^ 
were of the sequence type NN/UG^j, NNAJU, NN/TdG, and NN/TT (N, any nucleotide). 
siRNA duplexes with an antisense. siRNA 3' overhang of AA, CC or GG were less active by 
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a factor 2 to 4 when compared to tbe wild-type sequence UG or the mutant UU. This 
reduction in RNAi efficiency is likely due to tixe contribution of the penultimate 3' 
nucleotide to sequence-specific target recognition^ as the 3' temiinal nucleotide was changed 
firom G to U without effect. 

Changes in the sequence of the 3' overhang of the sense siEUSTA did not reveal any 
sequence^dependent effects, which was expected, because the sense siKNA must not 
contribute to sense target mRNA Tecognition. 

3.2,7, Sequence specificity of target recognition 

In order to examine the sequence-specificity of target recognition^ we introduced 
sequence changes into the paired jsegments of siKNA duplexes and determined the efSciency 
of silencing. Sequence changes were introduced by inverting short segments of 3- or4-nt 
length or as point mutations (FIGi. 1 8). The sequence changes in one siRNA strand were 
compensated in the complementary siRNA strand to avoid perturbing the base-paired siKNA 
duplex structure. The sequence of aU 2-nt 3' overhangs was TT (T, 2'deoxythymidine) to 
reduce costs of synthesis. The TT/TT reference siKNA duplex was comparable in RNAi to 
the wild-type siRNA duplex AA/UG (FIG. 1 7). The ability to mediate reporter mRNA 
destruction was quantified using the translation-based luminescence assay. Duplexes of 
siKNAs with inverted sequence sbgraents showed dramatically reduced ability for targeting 
the firefly luciferase reporter (FIG. 18), The sequence changes located between the 3' end 
and the middle of the antisense siRNA completely abolished target RNA recognition, but 
mutations near the 5' end of the antisense siRNA exhibited a small degree of silencing. 
Transversion of the A/D base pair located directly opposite of the predicted target RNA 
cleavage site, or one nucleotide further away &om the predicted site, prevented target RNA 
cleavage, therefore indicating that a single mutation within the center of an siRNA duplex 
discriminated between mismatched targets. 

3.3, Discussion 

siRNAs are valuable reagents for inactivation of gene expregsionj not only in insect 
cells, but also in mammalian ceUs, with a great potential for therapeutic application. We have 
systematically analyzed the stmctmral determinants of siRNA duplexes required to promote 
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efBcient target KNA degradatioil in A melanogaster embryo lysat©:, thus providing rules for 
the design of most potent siRNA duplexes. A perfect siRNA duplex is able to silence gene 
expression witb an efficiency comparable to a 500 bp dsRNA, given that comparable 
quantities of total RNA are used. 

3.4. The SiRNA user guide 

Efficiently silencing siRNA dtq>lexes are preferably composed of 21-iit antisense 
siRNAs, and should be selected to form a 19 bp double helix with 2-nt 3' overhanging ends. 
2'~deoxy substitutions of the 2-nt 3' overhanging ribonucleotides do not affect RNAi, but help 
to reduce the costs of RNA synthesis. More extensive 2 -deoxy or 2'-0"methylmodijB[cations, 
however, reduce tbe ability of siKNAs to mediate RNAi, probably by interfering with protein 
association for siRNP assembly. 

Target recognition is a highly sequence-specific process, mediated by the sxRHA 
complementary to the target. The 3'-most nucleotide of the guide siRNA does not contribute 
to spedficity of target recogmtidn, while the penultimate nucleotide of the 3' overhang 
affects target RNA cleavage, and a mismatch reduces RNAi 2- to 4-fold The 5" end of a 
guide siRNA also appears more pearoissive for mismatched target RNA recognition when 
compared to the 3' end. Nucleotides in the center of the siRNA, located opposite the target 
RNA cleavage site, are important specificity determinants and even single nucleotide 
changes reduce RNAi to an undetectable leveL This suggests that siRNA duplexes may be 
able to discriminate mutant or polymorphic alleles in gene targeting experiments, which may 
become an important feature for future therapeutic developmeats. 

Sense and antiseuse siRlsFAs, when associated with the protein components of the 
endonuclease complex or its commitment complex, were suggested to play distinct roles; the 
relative orientation of the siRNA duplex in this complex defines which strand can be used for 
target recognition- Synthetic siENA duplexes have dyad symmetjry with respect to die 
double-helical structure, but not with respect to sequ^ce. The association of siRNA 
duplexes with the RNAi proteins in theZ). melanogaster lysate will lead to formation of two 
asymmetric complexes. In such hypothetical complexes^ the chiral enviromnent is distinct 
for sense and antisense siRNA, hence their lunction. The prediction obviously does not 
apply to palindromic siRNA sequences, or to RNAi proteixis that could associate as 
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homodimers. To miiumize sequence effects, which may affect the ratio of sense and 
antisense-targeting siKNPs, we suggest to use siRNA sequences with identical 3* 
overhanging sequences. We recommend adjusting the sequence of the overhang of the sense 

siRNA to that of the antisense S'ioverhang^ because the sense siRNA does not have a target 

1 

5 in typical knockdown experiments. Asymmetry in reconstitution of sense and antisense- 
cleaving siRNPs could be (partially) responsible for the variation in RNAi efficiency 
observed for various 21-nt siRKA duplexes with 2-nt3' overhangs used in this study (FIG. 
14). Alternatively, the nucleotide sequence at the target site and/or the accessibility of the 
target RNA stmcture may be responsible for the variation in efficiency for these siKNTA 
10 duplexes. 

A number of embodiments of the invention have been described. Nevertheless, it will 
be understood that various modifications may be made without departing from the spirit and 
scope of the invention. Accordingly, other embodiments are within the scope of the 
follovnng claims. 

15 

References 

Bass, B. L, (2000). Double stranded RNA as a template for gene silencing. Cell 101, 
235-238. 

Bosher, J. M., and Labouesse, (2000), RNA interference: genetic wand and 
20 genetic watchdog. Nat. Cell Biol 2, E3 1-36. 

Caplcai, N. Fleenor, J.,Tire, A., and Morgan, R. A- (2000). dsRNA-mediated gene 
silencing in cultured Drosophila cells: a tissue culture model for the analysis of RNA 
interference. Gene 252, 95-105. 

Catalanotto, A^zalin, G., Macino, and Cogoni^ C- (2000). Gene silencing ia 
25 womis and fungi. Nature 404, 24l5. 

Chanfreau, G., Buckle, M,, and Jacquier, A. (2000). Recognition of a conserved class 
of RNA tetraloops by Saccharomyces cerevisiae RNase HI- Proc, NatL Acad. Sci. USA 97, 
3142-3147. 

Clemens, M, J. (1997). PKR-a protein kinase regulated by double stranded RNA- Int 
30 J. Biochem. Cell BioL 29, 945-949- 

61 



wo 03/099298 



PCT/EP03/05513 



Cogoni, C, and Macino, G. (1999). Homology-dependent gene silencing in plants 
and flmgi: a number of variations, on the same theme. Curr. Opin. Microbiol. 2, 657-662. 

Dalmay, T., Hamilton, A., Rudd, S., Angell, S., and Baulcombe, D. C. (2000). An 
RNA dependent RNA polymerase gene in Aiabidopsis is required for posttranscriptional 
gene silencing mediated by a transgene but not by a virus. Cell 101, 543-553. 

Demburg, A. F., Zalevsky, J., Ctolaiacovo, M. P.. and ViUeneuve, A. M. (2000). 
Transgene-niediated cosuppr^sion in the C elegans getm line. Genes &Dev. 14, 1578-1583. 

Dunn, J. J. (1982). Ribonnclease m. In The enzymes, vol. 15, part B, P. D. Boyer, ed. 
(New York: Academic Press), ppi 485-499. 

Filippov, v., Solovyev, V., Filippova, M., and Gill, S. S. (2000). A novel type of 
RNase m family proteins in eukaryotes. G^e 245, 213-221. 

Fire, A. (1999). KNfA-triggered gene silencing. Trends Genet. 15, 358-363. 

File, A., Xu, S-, Montgomery, M. K-, Kostas, S. A., Driver, S. E., and Mello, C. C. 
(1998). Potent and specific genetic interference by double stranded RNA in Caenorhabditis 
elegans- Nature 391, 806-81 1- 

Grishok, A., Tabara, H., and Mello, C. C. (2000). Genetic requirements for 
inheritance of RNAi in C. elegans. Science 287, 2494-2497. 

. Hamilton, A. J., and Baulfcombe, D. C. (1999). A species of small antisense RNA in 
posttranscriptional gaie silencing in plants. Science 286, 950-952. 

Hammond, S. M., Bernstein, E., Beach, D., and Hannon, G. J. (2000). An RNA- 
directed nuclease mediates post-transcriptional gene silencing in Drosophila cells. Nature 
404. 293-296. 

Jacobsen, S. E., Running, M. P., and M., M. E. (1999). Disruption of an RNA 
helicase/RNase IH gene in Arabidopsis causes unregulated cell division in floral medstems. 
Development 126, 5231-5243. 

Jensai, S., Gassama, M- P., and Heidmann,. T. (1999). Taming of ttansposable 
elements by homology-de^jaadent gene silencing. Nat Genet 21, 209-212. 

Kehlenbach, R. H., Dickmanns, A. & Gerace, L, (1998)^ Nucleocytoplasraio 
shuttling fectors including Ran and CRMl mediate nuclear export of NFAT In vitro. J. Cell 
Biol- 141, 863-874. 



62 



wo 03/099298 



PCT/EP03/05513 



Keimerdell, L R., and Carfhew, IL W. (1998). Use of dsRNA-mediated genetic 
interference to demonstrate that frizzled and fiizxled 2 act in the wingless pathway. Cell 95, 
1017-1026. 

Ketting, R. F„ Haverkamp, T, H,, van Luenen, H. G., and Plasterk, H. (1999). 
5 Mut-7 of C elegans, required for transposon silencing and RNA interference, is a homolog 
of Wemex syndrome helicase and Rnase D- Cell 99^ 133- 141 _ 

Ketting, R. F., and Plasterk, R. H. (2000). A genetic link between co-suppression and 
RNA interference in C. etegans. Nature 404, 296-298. 

Lacy, A. Guo, H. S., Li, X., and Ding, S. W. (2000)- Suppression of post 
10 transmptional gene silencing by a plant viral protein localissed in ihe nucleus. EMBO J. 19^ 
1672-1680, 

Matsuda, Ichigotani, Y-, Okuda, T., Irimura, T., Nakatsug^wa, S., and Hamaguchi, 
M. 15 (2000), Molecular cloning and characterization of a novel human gene (HBRNA) 
which encodes a putative RNA-heKcase. Biochim. Biophys. Acta 31,1-2. 
15 Milligan, L F,, and Uhlenbeck, C. (1989). Synthesis of small RNAs using T7 RNA 

polymerase. Methods Enzymol. HSO^ 51-62- 

Momxain, P., Beclin, C-> iEimayan, T., Feuerbach, F., Godoii, C.j, Morel, J. B.^ Jouette, 
Lacombe, A. M,, NikiC;, S., Pica&, N., Remoue, K., Sanial^ Vo, T. A., and Vaucheret, 
H, (2000). Arabidopsis SGS2 and SGS3 genes are required for posttranscriptional gene 
20 silencing and natural virus resistance. Cell 101, 533-542. 

Ngo, H., Tschudi, Gdll, K., and UUu, E. (1998). Double stranded RNA induces 
nxRNA degradation in Trypanosoma brucei. Proc- Natl. Acad. Sci. USA 95> 14687-14692. 

Nicholson^ A. W, (1999). Function, mechanist and regulation of bacterial 
ribonucieases. FEMS MicrobialJ Rev. 23, 371-390. 
26 OelgescMager, M., Lanain, J., Geissert, D,, and De Robertis, E. (2000), The 

evolutionarily conserved BMP-binding protein Twisted gastrulation promotes BMP 
signalling- Nature 405, 757-763, 

Pan, T,, and UMenbeck, p.C. (1992). In vitro selection of RNAs that undergo 
autolytic cleavage with Pb2+. Biochemistry 31, 3887-3895. 
30 Pelissier, T,, and Wassensgger, M. (2000)* A DNA target of 30 bp is sufSoient for 

RNA directed methylation. RNA 6^ 55-65. 

63 



wo 03/099298 PCT/EP03/05513 

Plasterk, R. H., and Ketting, R. F. (2000). The silence of the genes. Cure. Opm. 
Genet. Dev. 10, 562-567, 

Ratcliff, F. G., MacFarlane, S. A., and Baulcambe, D. C. (1999). Gene Silencing 
without DNA. RNA-mediated ccoss-protection between viruses. Plant Cell 11, 1207-1 216. 
5 Robertson, H. D. (1990).' EscheHchia coli libomiclease DI. Methods Enzymol. 181 , 

189-202. 

Robertson, H. D. (19B2).' Escherichia c<5// ribonuclease HI cleavage sites. Cell 
30,669-672. 

Romaniuk, E., McLaughlin, L. W., Neilson, T., and Romaniuk, P. J. (1982). The 
10 effect of acceiptor oligoribonucleotide sequence on the T4 RNA ligase reaction. Ew J 
Biochero 125, 639-643. 

Sharp, P. A. (1999), RNAi and double-strand RNA. Genes &Dev- 13, 139-141. 
Sijen, T., and Kooterj, J. M, (2000). Post-transcriptional gene-silencing: KNAs on the 
attack or on the defense? Bioessa}^ 22, 520-531. 
15 Smardon, A., Spoerke, J.,, Stacey, S., Klein, M., Mackin, N., and Maine, E. (2000). 

EGO-1 is related to RNA-directed RNA polymerase and functions in genn-line development 
and RNA intarfereuce in C elegans. Cmr, BioL 10, 169-178. 

Svoboda, Stein^ P-, Hayashi, H., and Schultz, M. (2000). Selective reduction of 
dormant maternal mRNAs in mouse oocytes by RNA interference. Development 127, 4147- 
20 4156. 

Tabara, H,, Sarkxssian, M*, Kelly, W. G.^ Fleenor, J., Grishok, A., Timmons, L,, Fire^ 
A.^ and Mello, C. C, (1999)* The rde-1 g©ae, RNA interference, and transposon silencing in 
C elegans. Cell 99, 123-132. • 

Tuschl, T,, Ng, M., P^eken, W., Benseler, F,, and Eckstein, F. (1993). Importance 
25 of exocyclic base functional groups of central core guanosines for hanamerhead libozyme 
activity. Biochemistry 32,1 165 8'-l 1668. 

Tuschl, T., Sharp, P, A., sand Bartel, D. P. (1998). Selection in yitro of novel 
xibozymes from a partially randomized U2 and U6 snRNA library, EMBO J. 17, 2637-2650, 

Tuschl, Zamore, P. D,, Lehmann, R., Bartel, D. P., and Sharp, P. A. (1999). 
30 Targeted mRNA degradation by double stranded RNA in vitro. G^es &Dev. 13, 3191-3197. 

64 



wo 03/099298 



PCT/EP03/05513 



Ui-Tei, K., Zenno, S., Miyata, Y. and Saigo, K, (2000), Sensitive assay of RNA 
inteifermce in Drosophila and Chinese iiamster cultured cells using firefly luciferase gene as 
target FEBS Letters 479^ 79-82.! 

Verma, S.^ and Eckstein, K (1999)- ModijBed oligonucleotides: Synthesis and strategy 
for users. Annu, Rev, Biochem. 67, 99-134- 

Voinnet, O,, Lederer, and Baulconibe, D. C. (2000). A viral movemrat protein 
prevents spread of the gene silenjcing signal in Nicotiana benthamiana. Cell 103, 157-167* 

Wassenegger, M. (2000). RNA-directed DNA methylation. Plant Mol. BioL 43, 203- 

220, 

Wianny, F., and Zemicka-GoetZj, M. (2000). Specific interference with, gene function 
by double stranded KNA in early mouse development Nat Cell BioL 2> 70-75. 

Wu, Xxi, H-j, Miiaglia, L. J., and Ciooke, S- T. (2000). Human KNfase HI is a 160 
kD Protein Involved in PreribosomalRNA Processing. X Biol* Chem. 17^ 17> 

Yang, D., Lu, H. and Eiickson, J. W- (2000). Evidence that processed smaU dsRNAs 
may mediate sequence-specific inKNA degradation during RNAi in drosophilia embryos. 
Curr. BioL, 10, 1191-1200, 

Zaroore, P, D,, Tuschl, T., Sharp, P. A,, and Battel, D. P. (2000). RNAi: Double 
stranded RNA directs the ATP-diependent cleavage of mRNA at 21 to 23 nucleotide 
intervals- Cell 101, 25-33, 

Zhang, K,, and Nicholson, A. W. (1997). Regulation of ribonuclease HI processing by 
double-helical sequence antidetefaninants* Proc. NatL Acad. Sci. USA 94, 13437-1 344L 



65 



wo 03/099298 



PCT/EP03/05513 



WHAT IS CLAIMED IS; 

1 . A method of treating a subject comprising: 

(a) identifying a subject having, or at risk for havings unwanted cell 

proliferation; 

(b) providing an siRNA ihat is homologous to a gene that can promote cell 
proliferation; and 

(c) administeiingithe siKNA to the subject, 
thereby treating the subject. 

2. The method of claim I , wherein the subject has a malignant or nonmalignant cell 
proliferation- 

3- The method of claim I» wherein the gene encodes one of die group consisting of a 
growth factor, growth factor receiptor^ kinase^ adaptor protein, and transcription fector. 

4. The method of claim 1;^ wherein the gene i$ one of the group consisting of RAS, 
JNKj, c-MYC, cyclin aad beta-cateiiin. 

5- The method of claim 1, wherein the subject has, or is at risk for having, one of the 
group consisting lung cancer^ brdast cancer, colon cancer, or liver cancer. 

6. A method of treating a subject comprising: 

(a) identifying a subject having, or at risk for having, a disorder associated 
with a viral infection; 

(b) providing an siKNA that is homologous to a gene liiat can mediate viral 

fimctiou; and 

(c) administering flie siEiNA to the subject, 
thereby treating the subject. 
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7. The method of claim 6j wherein tihie gene is a viral gene or an endogenous gene of 
the subject 

8. The method of claim 6^ wherein the subject has, or is at risk for having, Acquired 
5 Immune Deficiency Syndrome (AIDS^ asthma, or Hod^dn's disease, 

9- The method of claim 6, wherein the subject is infected by, or is at risk for being 
infected by a virus in the group consisting of Himian Immunodeficiency Virus (HIV)p a 
hepatitis virus, respiratory syncy^al virus (RSV), or Epstein Bair Vims (EBV), 

10 

10. The method of claim '9, wherein the hepatitis virus is hepatitis A» B, or C. 

11. The method of claim ^9, wherein the gene is Gag or Rev gene of HIV. 

15 12. A method oftreating-a subject comprising: 

(a) identifying a subject having, or at risk for having^ a disorder characteristic 
of an unwanted immune response; 

(b) providing an s'iRNA that is homologous to a gene that can affect the 
unwanted immune response; and 

20 (c) administering 'the slRNA to the subject, 

thereby treating the subject. 

13. The method of claim ,12, wherein the unwanted iimnxme response is caused by an 
autoimroxme disease or disorder. 

25 

14. The method of claim 12> wherein the gene is endogenous to the subject. 

15. The method of claim 12, wherein the subject has, or is at risk for having, 
inflammatoiy bowel disease, asthma, multiple sclerosis, or a rqperfusion injury, 

30 
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16. The method of daim 15, wherein the reperfusion injury is associated with acute 
myocardial infarction^ unstable angina, cardiopuhnonary bypass, or angioplasty* 



17. The method of claim 12, wherein the gene encodes a complement factor, 

18. The method of claim 12, wherein the gene encodes a protein selected from the 
px>xqp consisting of VLA4, VCAM, ICAM, E-selectin (ELAM);, C5 complement, TNFce, 
TNF/5, IL-2, IL-2R, IL-4, IL.4R,.ILr-5, CCR3, Grol, Gro2, and C3ro3. 

19- A method of treating .a subject comprising: 

(a) identifying a subject havings or at risk for having, a disorder characterized 
by acute or chronic pain; 

(b) providing an siRNA that is homologous to a gene that can affect the 
processing of pain; and 

(c) administering the siRNA to the subject, 
thereby treating the subject 

20. The method of claim 19^ wherein the gene encodes a component of an ion 
channel, a neurotransmitter receptor, or a ligand of a neurotransmitter receptor. 

21. A method of treating a subject comprising: 

(a) identifying a subject having, or at risk for having, a neurological disease 

or disorder; 

(b) providing an siRNA that is homologous to a gene that can affect the 
neurological disease or disorder; and 

(c) administering the siRNA to the subject, 
thereby treating the subject, 

22. The method of claim 21, wherein the subject has, or is at risk for having, 
Alzheimer's disease, Parkinson's disease, or a trinucleotide repeat disorder. 
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23. The method of claiin^22, wherein the trinucleotide repeat disorder is 
Hxmtington's disease. 

24. The method of claim^l, wherein the gene encodes a protein selected from the 
group consisting of APP, PSENl, PSEN2, and a-synuckin. 

25. A method of treating a subject having, or at risk for having^ a loss of 
heterozygosity (LOH), the method comprising: 

(a) identifying a subject having, or at risk for having^ LOH; 

(b) detemiining the genotype of an allele of a gene in a region of LOH in an 

LOH cell; 

(c) detenniiiLng the genotype of both alleles of the gene in a nonnal cell; 

(d) providing an siRNA that is hon^ologous to an allele of the gene in the 
LOH cell, but not homologous toian allele of the gene in a nomial cell; aad 

(c) administering the siRNA to the subject, 
thereby treating the subject, 

26. The method of claim 25, wherein the subject has^, or is at risk for having, a 

cancer. 

27* The method of claim 25^ wherein the siRNA is homologous to an allele having a 
single nucleotide polymoiplnsm (SNP). 

28. The method of claim 25, wherein the LOH cell is a tumor cell. 

29. The method of claim 25, wherein the siRNA is homologous to an allele of the 
large snbunit of human RNA polymerase II (POLR2A), the replication protein A 70-kD 
subunit, replication protein A 32-kD subunit, ribonucleotide reductase, thymidilate synthase, 
TATA associated factor 2H, ribosomal protein S14, eukaryotic initiation factor 5 A, alanyl 
tRNA synthetase, cystdnyl tRNA;synthetase, NaK ATPase, alpha- 1 subunit, or transferrin 
receptor. 
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30. Use of double-stranded RNA molecules, wherein each RNA strand has 
a length of 19-25 nucleotides for the nnanufacture of an agent for 
mediating target-specific nucleic acid modifications in mammalian cells 
or organisms- 

31. The use of claim 30, wherein at least one strand has a 3'-overhang 
from 1-5 nucleotides. 

32. The use of claims 30 or 31, wherein the target-specific nucleic acid 
modification is RNA interference. 

33. The use of any one of claims 30-32 for silencing at least one gene 
which promotes unwanted cell proliferation. 

34. The use of claim 33 wherein the gene is selected from the group 
consisting of growth factor genes, growth factor receptor genes, 
adaptor protein genes, genes encoding a G protein superfamily 
molecule and genes encoding a transcription factor. 

35. The use of any one of claims 30-32 for silencing at least one gene 
which mediates angiogenesis. 

36. The use of any one of claims 30-32 for silencing at least one viral gene 
or cellular gene which mediates viral function. 

37. The use of any one of claims 30-32 for silencing at least one gene 
from a bacterial, amoebic, parasitic or fungal pathogen. 

38. The use of any one of claims 30-32 for silencing at least one gene 
which mediates an unwanted immune response. 
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-71- 

39. The use of any one of claims 30-32 for silencing at least one gene 
which mediates the processing of pain, 

40. The use of any one of claims 30-32 for silencing at least one gene 
which mediates a neurological disease or disorder. 

41 . The use of any one of claims 30-40 for the allele-specific silencing of 
at least one gene. 

42- The use of any one of claims 30-41 wherein the agent comprises the 
double-stranded RNA molecule as an active ingredient. 

43. The use of any one of claims 30-41 wherein the agent comprises 
vectors capable of expressing the double-stranded RNA moelcule as an 
active ingredient. 
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FIGURE 3B 
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AACAUCACGUACGCG^&VcfuUCGAAAUGUCCGUXJCGGUUGOCa^^ 
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111 



CUAUACCCGACUUAUGUUUAGUGUCXJUi^GCAGCAUACGUCACXJXJUUGAGAGAAGUUAA 

•••••• ••••• ^ ^ 



CUUUAUGCCUAUAGUGUCACCUAAAU 3 ' 



GAAAUACGGpppGm? 5' 



wo 03/099298 



PCT/EP03/05513 



FIGURE 4A 



5/23 



39 bp dsPp-lucp133 




10 



5 ' GCACAUAUCGAGGUGAACAUCACGUACGCGOaAUACUUC 
3 ' CGUGUAUAGCUCCACUUGUAGUGCAUGCGCCUUAUG2SlAG 
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3 ' cguguauagcuccacuugnaougcaugcgccuuaugaagcuigjacaggc2iag 




111 bp dsPp-luc piss 



5 ' GCACAUAUCcjAGGUGAACAUCACGUACGCG*(SAaVcWcGAAAUGUCCGTro^^ 

3 ' CGUGUAUAGCUCCACXJUGUAGUGCAUGCGCCUUAUGAAGCUUUACAGGCAAGCCA^ 
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AAAAAAAA 



antisense siRNAs 



15/23 




3nt 
4nt 
5nt 
6nt 
7nt 

: -4nt 
-3nt 
-2nt 
-1 nt 
Ont 



3' overhang 



5' ADCACGOACGCGGAADACUUC 
UUGaAGUGCAUGCGCCDUADG 5' 



5' UCACGPACGCG GAAP ACDUCaS 
DDGDAGUGCAUGCGCCUUAnS 5* 



5' CACGDACGCGGAATIACOnCGA 
OTIGDAGnGCAUGCGCCUUA'aG 5' 



5' ACGUACGCGGAAUAaJDCGAA 
UDGDAGOQCA0GCGCCDUAUG 5* 



5' CGDACGCGGAAUACDUCGAAA 
UUGDAQOGCAUGCQCCUUAUG 5' 



S' AtJCACGDACGCGQAAIIRCOUC 
nOOAGOGCATIGCGCCDtrAUGA 5» 



5* TJCAOGOACGCGQAAUACUOCQ 
UGDAGU6CATJGCGCCUUAUGA 5' 



S » CACGUACGCGGAAUACUUCGA 
UGUAQDGCAUGCGCCUUAUGA 5» 



5' ACGUACGCGGAAUACmJCGAA 
UQnAGUGCADaCGCCUUAUQA 5' 



5' CGPACGCG eAAU ACOUCGAAA 
nGUAaUGCAUQCaCCDUADQA 5' 



1.2 
1 

0.8 
0.6 
0.4 
0.2 
0 



5nM 



bu 504 111 52 39 
base pairs 



1.2 
1 

0.8 
0.6 
0.4 
0.2 
0 



100 nM 



3 4 5 6 7 
3* overhang (nt) 



1.2 
1 

0.8 
0.6 
0.4 
0.2 
0 



Hi 



2 3 4 5 6 



5 ' AUCACGUACGCOGAAUACUUC 
GtrAGOGCAUGCGCCUDAUGAA 5' 



5 ' UCACGUACGCGGAAUACUUCG 
GUAGDGCAUOCGCCUOAUGAA 5' 



5' CACGUACGCGGAAUACnUCGA 
G^AGDGCA^6CGCCaUA^Q^A 5' 



S' ACGHACGCGGAAUACXrOCGAA 
GDAGUGCAUGCGCOTDAUGAA 5' 



5' CQDACGCGGAADACUtlCQAAA 
GnAGUGCAUGCGCCDUADGAA 5' 



5' AUCACGUACOCGGAAUACDUC 

TJAGDGCAUGCGCCU0AUGAAG 5* 



S' UCACGUACGCGGAADACOUCQ 
IJAGDGCAttGCGCCQDAUGAAG 5' 



5' CACGUACSCQGAAUACOUCGA 
UAG0GCy«7GC6CCDUAUGAA6 5' 



5' ACGUACGCGGAAXJACUDCGAA 
UAQOGCAUGCGCCUaADGAAG 5' 



5' CGUACGCGGAAUACD0CGAAA 
tfAGUGCAUGCGCCmJAUGAAG 5' 



5' AUCACGUACGCGGAAnACUUC 

AGnGCAUGCGCCOUAUGAAGC 5' 



5' UCACGDACGCGGAAUACDnCG 

AGUGCAOGCGCCUXJAUGAAGC 5* 



5' CACGUACGCGGAAUACDUCGA 
AGUGCAUGCGCCDUAUGAAGC S' 



5' ACGUACGCGGAAUACOaCGAA 
AGDGCAUGCOCCDUAUQAAGC 5' 



5* CGPACGCGGAAPACOUCGAAA 
AGOGCAUGCGCCDUKDOAAQC S' 



1.2 
1 

0.8 
0.6 
0.4 
0.2 
0 



1 2 3 4 5 



1.2 
1 

0.8 
0.6 
0.4 
0.2 
0 



0 12 3 4 



1.2 
1 

0.8 
0.6 
0.4 
0.2 
0 



-10 12 3 



H 



OnGCAUGCGCCUOATJGAAGCD 5' 



UCACSaACGCGGAAinVCDCCG 
GDGCADGCGCCUnADGAAGCO 5' 



CaCGOACGCG GAAO ACODCGA 
GUGGAnGCGCCDOAUGAAGCU 5' 



5' ACenACGCGGAAIMCDDCGAA 
GtJGCAnGCGCCDOADGAAGCCr 5' 



5' CGPACGCGGAAPACUPCGAAA 
GUGCAUGCGCCUIXAUGAAGCD 5' 



5' AUCACGtXACGCGGAAIIACaDC 

UGCAUGCGCCUDAUGAAQCUn 5* 



5' UGA0GnACGCGG21AUAC0UCG 

XJGCAUGCGCCOIXAUGAAGCDa 5' 



5' CACGaACGCGGAAUACOUCGA 



5' ACGUACQCGGAAUACOOCGAA 
aGCATJGOGCCDOAUOAAGCUU 5' 



5' CGUACGCGQAAUACTJUCGAAA 
UaCAUaCGCCOOAUGAAGCUIT 5' 



S' AUcacGroACsacGGAAnAcncroc 

GCAUGCGCCnDAUGAAGCDmr 5' 



aCAUGCGCCDnAnGAAGCDUD S' 



5' CAOGnACGCG GaAII ACCrDC GA 

GCAnGCOCCOnAUGAAGCOUU 5' 



5* ACODACGCGGAAPACOOC GAA 

GCAUGCGCCDTJADGAAGCUtlU S* 



5' CGDAC0CG6AAUACDUC6AAA 
GCAUGCGCCUnAUQAAGCDDD 5' 



1.2 
1 

0.8 
0.6 
0,4 
0.2 
0 



Hi 



-2-10 1 2 



1.2 

1 

0.8 
0.6 
0.4 
0.2 
0 



rh 



-3 -2-10 1 



1.2 
1 

0.8 
0.6 
0.4 
0.2 
0 



-4 -3 -2 -1 0 
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sense siRNA (18-25 nt) 
antisense siRNA (21 nt) 



-2 to 7 nt 
3' overhang 



■miiiiiiiiiiiiiii 



ill SiiS 



1 to 3 nt 
3' overhang 



B 



D 



5' CGUACGCGGAAUACtroCG 

UGCAUGCGCCtJUAUGAAGCUU 5' 

5' CGUACGCGGAAUACXTUCGA 

UGCAXJGCGCCtrCJAUGAAGCXKJ 5' 

5 ' CGUACGCGGAAUACUUCGAA 
UGCAUGCGCCXJUAirGAAGCUU 5' 

5' CGOaCGCGGAAtJACUUCGl^AA 
UGCAUGCGCCTJUAUGAAGCUU 5' 

5' CGUAC6CG6AAUACUUCGAAAU 
UGCAUGCGCCTJUAUGAAGCUU 5' 

5' CGUACGCGGAAUACUUCGAAAUG 
UGCAUGCGCCUUAUGAAGCUU 5' 

5*' CGUAC6CGG2UiUACTKJC6AAAUGU 
UGCAUGCGCCUUAUGAAGCUU 5' 

5' CGUACGCGGAAUACUUCGAAAUGUC 
UGCAUGCGCCUUAUGAAGCUU 5' 



5' CGUACGC6GAAUACTJUCG 
GUGCAUGCGCCUUAUGAAGCU 5' 

5 ' CGUACGCGGAAUACUUCGA 
GUGCAUGCGCCUUAUGAAGCU 5' 

5' CGUACGCGGAAUACUUCGAA 
GUGCAUGCGCCUUAUGAAGCU 5' 

5' CGUACGCGGAAUACUUCGAAA 
GUGCAUGCGCCUUAUGAAGCU 5' 

5' CGUACGCGGAAUACUUCGAAAU 
GUGCAUGCGCCUUAUGAAGCU 5' 

5' CGUACGCGGAAUACUUCGAAAUG 
GUGCAUGCGCCUUAUGAAGCU 5' 

5' CGUACGCGGAAUaCUUCGZU^aGU 
GUGCAUGCGCCUUAUGl^GCU 5' 

5' CGUACGCGGAAUACDUCGAAAUGUC 
GUGCAUGCGCCUUAUGAAGCU 5' 



5 ' CGUAC6CGGAAUACUUCG 
AGUGCAUGCGCCUUAUGAAGC 5' 

5' CGUACGCGGAAUACUUCGA 
AGUGCAUGCGCCUUAUGAAGC 5' 

5' CGUACGCGGAAUACUUCGAA 
AGUGCAUGCGCCUQAUGAAGC 5' 

5 ' CGUACGCGGAAUACUUCGAAA 
AGUGCAUGCGCCUUAUGAAGC 5' 

5' CGUACGCGGAAUACUUCGAAAU 
AGUGCAUGCGCCUUAUGAAGC 5' 

5' CGUACGCGGAAUACUUCGAAAUG 
AGUGCAUGCGCCUUAUGAAGC 5' 

5' CGUACGCGGAAUACUUCGAAAUGU 
AGUGCAUGCGCCUUAUGAAGC 5' 

5 ' CGUACGCGGAAUACUUCGAAAUGUC 
AGUGCAUGCGCCUUAUGAAGC 5' 



1.2 

o 

-? 1 
I 0.8 
"S. 0.6 

CL 

g 0.2 
0 



1-ntas 3* overhang 



-2 
18 



-1 
19 



0 

20 



1 

21 



2 
22 



3 

23 



4 
24 



5 

25 



1.2 
1 

0.8 
0.6 
0.4 
0.2 



2-nt as 3* overhang 



hk 



-1 0 
18 19 



1 2 
20 21 



3 4 5 6 
22 23 24 25 



3' overhang of sense strand (nt) 
length of sense strand (nt) 



1.2 
1 

0.8 
0.6 
0.4 
6.2 



3-nt as 3' overhang 



01234567 
18 19 20 21 22 23 24 25 
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insert base pairs (B) 
V 

S (20-25 nt) ^^mm^^m^^mm 

as (20-25 nt) """"""""""" 
A 

insert base pairs (C) 



B 



5' CGUACGCGGAAUACXJUCGAA 
GUGCAUGCGCCUT7AUGAAGC 5' 



5' GGUACGCGGAAUACUUCGAAA 
OQGCAUGCGCCUUAnGAAGCU S' 



5' C6UAC6C6GAA0ACnirCGAAAU 
GUGCAUaCGCCmTAUGAAGCDIT 5' 



5' CGUACGCGGAAUACDUC GAAAP G 
GUGCAtTGCGCCnnAnGAAGCnXJU S* 



5 ' CGUACGCGGAAtJACOUCGAAAUGU 
GUGCAUGCGCCUUAUGAAGCUUUA 5' 



5' CGDACGCQGAAUACDUOGAAAnGaC 
GUGCAUGCGCCnUAUGAAGCmniAC 5' 



5' GOACGCGGAAUACnnCGAAA 
UGCAUGCGCCUtlAUGAAGCtT 5' 



5' CGUACGCGGAAUACUUCGAAA 
GnGCAtrGCGCCUUAUGlU^OCU 5' 



5' ACG0ACGC66AAUACanCGA2^ 
AGaGCAUGCGCCUUAUGAAGCU 5' 



5' CACGUACGCGGAAtTACDUCGAAA 
UAGUGCAUGCGCCOnAUOAAGCa 5' 



1.2 
1 

I 0.3 

3^ 0.6 

CL 
Q. 

° 0.2 
0 



20 21 22 23 24 25 
length of siRNAs 



1.2 r 
1 

0.8 
0.6 
0.4 
0.2 
0 



20 21 22 23 
length of siRNAs 
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AH 



S 

as 



5 ' CGUACGCGGAAUACUUCGAAA 
GUGCAUGCGCCXJUAUGaAGCU 5' 



1.2 



0 1 

1 0.8 



£■ 0.6 



g 0.4 



0.2 



OH/ 2-ntd/4-ntd/ d/ OH/ d/ Me/ OH/ Me/ sense/ 
OH 2-ntd 4-ntd OH d d OH Me Me antisense 
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2 

3 
4 
5 



19/23 



sense target 



t 



y 

5' CGl7AC6C66AAUACUnCG2lAA 
1 GUGCAUGCGCCmJAUGAAGCU 5' 

V ^ 

ACGUACGCGGAAUACXJUCGAA 



AGUGCATJGCGCCUUAtrGAAGC 
V ^ 

CACGUACGCGGAAUACUUCGA 
UAGUGCAUGCGCCUUAUGZUIG 

V ^ 

TTCACGUACGCGGAAUACUUCG 
GUAGUGCAUGCGGCnUAUGAA 

V ^ 

AUCACGUACGCGGAAUACUUC 
UGUAGUGCAUGCGCCDUAUGA 
A 



■GpppG^m 



antisense target 



B 



sense target antisense target 
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B 



-1 to 6 nt 
3' overhang 



iillllllllillllilllli*''''' 



as 



2 nt 

3' overhang 



2 nt 

3' overhang 



iEllllIlllllllllill" 



0 to 5 nt 
3' overhang 



D 



S' CSaACGCGGAAUACnUCG 
GUGO^UGCGCCmJATJGAAGCT 5' 
A 

5 ' CGUACGCG^Ui.UACUUCGA 
GUGCAUGCGCCmjAUGAAGCU 5' 



5' CGUACGCGGAAUACX7UCGAA 
GUGCAtTGCGCCt^AUGAAGCU 5' 

5' CGUACGCGC^AUACUUCGAAA 
GUGCATTGCGCCmjAUGAAGCTJ 5' 
A 

5 ' CGaACGCG^AUACnnCGAAA'D 
GUGCATTGCGCCmJAXJGAAGCa 5' 



5' CGUACGCGGAAUACUUCGAAAUG 

GUGCAUGCGCCmJAUGAAGCT 5' 
A 

5' CGUACGCG^IlAUACUUCGAAATTGU 
GUGCAUGCGCCmjAUGAAGCU 5' 



5' CGUACGC6GAAUACUUCGAAAU6UC 
GUGCAUGCGCCQ^AUGAAGCU 5' 



5' ACGCG<Sui.UACmJCGAAA 
GUGCAUGCGCCTUAUGAAGCT 5' 



5' TJACGCGG 
GUGCAUGCGCCUUAUGAAGCU 5' 

5 ' guacgcgcSauacutjcgaaa 
gugcaugcgccxr^ugaagcu 5' 

5 ' CGtrACGCGt^^TJACinTCGAAA 
GUGCAUGCGCC^AX7GAAGC0 5' 

5' ACGUACGCG^AUACUUCGAAA 
GUGCAUGCGCCtrUAUGAAGCU 5' 

5 ' CACGUACGCG^lAUACUUCGA2kA 
GUGGAUGCGCCU0AU62LAGCTJ 5' 



18 19 20 21 22 23 24 25 




sense 
target 



<^C5^ 18 19 20 21 22 23 





antisense 
target 
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as 



1.0 



iilllllllllllllllllll" 



0.3 



0.25 



o 



|£ 0.2 
I 

(X 0.15 

i 

o 

= 0.1 



0.05 




s/as overhanging nucleotides 
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.pf 5' CGITACGCGGAAUACUUCGATT 
TTGCAUGCGCCUUAXTGAAGCU 5' 

-I 5' fA^g^CGCGGAAUACUUCGATT 
Tl^^ggGCGCCUUAUGAAGCU 5' 

2 5' CGTiaiSSaGAADACmJCGATT 

TTGCAtJg^CTaXIATTGAAGCir 5' 

5' CGUACGCGpilSACUUCGATT 

3 TTGCAUGCGqgCACraGAAGCU 5' 

A S' CGUACGCGGAATjpiHCGATT 

TTGCAUGCGCCUUA^^GCU 5' 

c 5' CGUACGCGGAAUACUir^dlTT 
^ TTGCAUGCGCCUUAUGAagC^^ 5' 

5' CGUACGCGGlrAUACmJCGATT 
^ TTGCAUGCGCC^DAUGAAGCU 5' 

7 5' CGUACGCGGflBuACUUCGATT 
TTGCAUGCGCCt3iAtJGAAGCU 5' 



1.4 
1.2 

O 

1 1 

q:: 

3 0.8 
£■ 0.6 
i 0.4 
0.2 
0 



ref 



2 3 4 5 6 7 
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5' CGUACGCGGAAUACXJUCGAA 
GUGCAUGCGCCUUAUGAAGC 5' 

5' CGUACGCGGAAUACUUCGAAA 
GUGCAUGCGCCTJUAUGAAGCU 5' 

5' CGUACGCGGAAUACXJUCGATT 
TTGCAUGCGCCXJUAUGiy^GCU 5' 

5' CGUACGCGGAAtTACXJUCGAAAXT 
GUGCAUGCGCCUtTAUGAAGCUU 5' 

5' CGUACGCGGAAUACUTJCGAAAUG 
GUGCAUGCGCCUUAUGAAGCXJUU 5' 

5' CGXIACGCGGAAITACtraCGAAAUGU 
GUGCAUGCGCCUUAUGAAGCUtJUA 5' 

5' CGUACGCGGAAUACUUCGAAAUGUC 
GUGCAtJGCGCCUUAUGAAGCXJUUAC 5' 



B 



5' GUACGCGGAAUACUUCGAAA 
UGCAUGCGCCXJUAUGAAGCU 5' 

5 ' CGUACGCGGAAUACUUCGAAA 
GUGCAUGCGCCUUAUGAAGCU 5' 

5' ACGUACGCGGAAUACUUCGAAA 
AGUGCAUGCGCCUUAUGAAGCU 5' 

5 ' CACGUACGCGGAAUACtJUCGAAA 
UAGUGCAUGCGCCUUAUQAAGCU 5' 



O 1.2 

■g 0.8 

"5,0.6 

-0.4 

S 0.2 
c 

0 



HeLa SS6 
in vivo 



t. 'i. I 



length (nt) 20 21 21 22 23 24 25 
AA TT 

3' overhang Qy jj 



1.2 

1 

0.8 
0.6 
0.4 
0.2 
0 



HeLa SS6 
in vivo 



20 21 22 23 
AA 
GU 



las 

^ 0.6 

£5. 

^ 0.4 
~ 0.2 



o 



length (nt) 
3' overhang 



Fly 
in vitro 



20 21 22 23 24 25 

AA 
GU 



1.2 r 
1 

0.8 
0.6 
0.4 
0.2 
0 



Fly 
in vitro 



20 21 22 23 

AA 
GU 



